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Preface 


Read This First 


The purpose of this user’s guide is to serve as a reference book for the 
TMS320C3x generation of digital signal processors that includes - 
TMS320C30, TMS320C30-27, TMS320C30-40, TMS320C31, and 
TMS320C31-27. Throughout the book, all references to the TMS320C30 ap- 
ply to the TMS320C30-27 and TMS320C30-40 as well, and TMS320C31 re- 
fers to TMS320C31 and TMS320C31-27, unless an exception is noted. This 
document provides information to assist managers and hardware/software en- 
gineers in application development. 
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Chapter 1 
Chapter 2 
Chapter 3 


Chapter 4 


Chapter 5 


Chapter 6 


This document contains the following chapters: 


Introduction 
A general description of the TMS320C30 and TMS320C31, their key features 
(features differ), and typical applications. 


Architectural Overview 
Functional block diagram. TMS320C3x design description, hardware compo- 
nents, and device operation. Instruction set summary. 


CPU Registers, Memory, and Cache 
Description of the registers in the CPU register file. Memory maps provided 
and instruction cache architecture, algorithm, and control bits explained. 


Data Formats and Floating-Point Operation 

Description of signed and unsigned integer and floating-point formats. Discus- 
sion of floating-point multiplication, addition, subtraction, normalization, 
rounding, and conversions. 


Addressing 
Operation, encoding, and implementation of addressing modes. Format de- 
scriptions. System stack management. 


Program Flow Control 
Software contro! of program flow with repeat modes and branching. Inter- 
locked operations. Reset and interrupts. 
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Chapter 7 


Chapter 8 
Chapter 9 


Chapter 10 
Chapter 1 
Chapter 12 
Chapter 13 


Appendix A 


Appendix B 
Appendix C 
Appendix D 


Appendix E 


Appendix F 


External Bus Operation 
Description of primary and expansion interfaces. External interface timing dia- 
grams. Programmable wait-states and bank switching. 


Peripherals 
Description of the DMA controller, timers, and serial ports. 


Pipeline Operation 
Discussion of the pipeline of operations on the TMS320C3x. 


Assembly Language Instructions 
Functional listing of instructions. Condition codes defined. Alphabetized indi- 
vidual instruction descriptions with examples. 


Software Applications 
Software application examptes for the use of various TMS320C3x instruction 
set features. . 


Hardware Applications 
Hardware design techniques and application examples for interfacing to me- 
mories, peripherals, or other microcomputers/microprocessors. 


TMS320C3x Signal Description and Electrical Characteristics 
Pin locations, pin descriptions, dimensions, electrical characteristics, signal 
timing diagrams and characteristics. 


Instruction Opcodes 
List of the opcode fields for all the TMS320C3x instructions. 


Development Support/Part Order Information 
Listings of the hardware and software available to support the TMS320C3x de- 
vice. 


Quality and Reliability 
Discussion of Texas Instruments quality and reliability criteria for evaluating 
performance. 


Calculation of TMS320C30 Power Dissipation 
Information used to determine the power dissipation and the thermal manage- 
ment requirements for the TMS320C30. 


SMJ320C30 Digital Signal Processor Data Sheet 
Data sheet for the SMJ320C30 digital signal processor. 


Quick Reference Guide 
Over 30 pages of the most referenced tables and figures. 
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Style and Symbol Conventions 
This document uses the following conventions: 


{4 Program listings, program examples, interactive displays, filenames, and 
symbol names are shown in a special font. Examples use a bold version 
of the special font for emphasis. Here is a sample program listing: 


0011 0005 0001 .field Ly 
0012 0005 0003 .field 3, 4 
0013 0005 0006 .field 6pr3 
0014 0006 .even 


Cy ~=In syntax descriptions, the instruction, command, or directive is in a bold - 
face font and parameters are in italics. Portions of asyntax that are in bold 
face should be entered as shown; portions of a syntax that are in italics 
describe the type of information that should be entered. Here is an exam- 
ple of a directive syntax: 


-asect ’section name’, address 


-asectis the directive. This directive has two parameters, indicated by sec- 
tion name and address. When you use .asect, the first parameter must be 
an actual section name, enclosed in double quotes; the second parameter 
must be an address. 


{4 Square brackets ([ and ]) identify an optional parameter. If you use an op- 
tional parameter, you specify the information within the brackets; you don’t 
enter the brackets themselves. Here’s an example of an instruction that 
has an optional parameter: 


LALK 16-bit constant [, shift] 


The LALK instruction has two parameters. The first parameter, 16-bit con- 
stant, is required. The second parameter, shift, is optional. As this syntax 
shows, if you use the optional second parameter, you must precede it with 
acomma. 


Square brackets are also used as part of the pathname specification for 
VMS pathnames; in this case, the brackets are actually part of the path- 
name (they are not optional). 
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Li Braces ( {and} ) indicate alist. The symbol | (read as or) separates items 
within the list. Here’s an example of a list: 


[#1 ELH | 
This provides three choices: *, *+, or *-. 


Unless the list is enclosed in square brackets, you must choose one item 
from the list. 


Gi ~=Some directives can have a varying number of parameters. For example, 
the .byte directive can have up to 100 parameters. The syntax for this di- 
rective is 


-byte value; [, ... , value,] 


This syntax shows that .byte must have at least one value parameter, but 
you have the option of supplying additional value parameters separated by 
commas. 


Information About Cautions and Warnings . 


viii 


This book may contain cautions and warnings. 


C4 A caution describes a situation that could potentially cause your system 
to behave unexpectedly. 


ta caution looks like. 


The information in a caution is provided for your information. Please read each 
caution carefully. 
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OS/2, PC-DOS, PGA, and Micro Channel are trademarks of IBM Corp. 

Sun 3, Sun 4, Sun Workstation, SunView, SunWindows, and SPARC are trademarks of Sun 
Microsystems, Inc. 
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introduction 


The TMS320CS8x generation of digital signal processors (DSPs) are high-per- 
formance CMOS 32-bit floating-point devices in the TMS320 family of 
single-chip digital signal processors. Since 1982, when the TMS32010 was in- 
troduced, the TMS320 family, with its powerful instruction sets, high-speed 
number-crunching capabilities, and innovative architectures, established itself 
as the industry standard and is ideal for DSP applications. 


The TMS320 family consists of five generations: TMS320C1x, TMS320C2x, 
TMS320C3x, TMS320C4x, and TMS320C5x (see Figure 1—1). The expansion 
includes enhancements of earlier generations and more powerful new genera- 
tions of digital signal processors. 
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Figure 1-1. TMS320 Device Evolution 
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The 50-ns cycle time of the TMS320C30-40 allows it to execute operations at 
a performance rate (up to 40 MFLOPS and 20 MIPS) previously available only 
on a supercomputer. The generation’s performance is further enhanced 

through its large on-chip memories, concurrent DMA controller, two external 
interface ports, and instruction cache. 


This chapter presents the following major topics: 
L4 Processor General Description (Section 1.1 on page 1-3) 


Ch Key Features (TMS320C30—Section 1.2 on page 1-5, TMS320C31 — 
Section 1.3 on page 1-6) 


Gi Typical Applications (Section 1.4 on page 1-7) 
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1.1. General Description 


The TMS320’s internal busing and special digital signal processing (DSP) in- 
struction set have the speed and flexibility to execute up to 50 MFLOPS (million 
floating-point operations per second). The TMS320 family optimizes speed by 
implementing functions in hardware that other processors implement through 
software or microcode. This hardware-intensive approach provides power pre- 
viously unavailable on a single chip. 


The emphasis on total system cost has resulted in a less expensive processor 
that can be designed into systems currently using costly bit-slice processors. 
Also, cost/performance selection is provided by the different processors in the 
TMS320C3x line: . | 


TMS320C30: 60-ns single-cycle execution-time 
TMS320C30-27: —Lower-cost, 74-ns single-cycle execution time 
TMS320C30-40: Higher speed, 50-ns single-cycle execution time 
TMS320C31: Low cost, 60-ns single-cycle execution time 
TMS320C31-27: Lower cost, 74-ns single-cycle execution time 
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All of these processors are described in this user’s guide. Essentially, their 
functionality is the same. However, electrical and timing characteristics vary 
(described in Chapter 13); part numbering information is found in Section B.4 
on page B-15. Throughout this book, TMS320C3x is used to refer to the 
TMS320C30 and TMS320C31 and all speed variations. TMS320C30 and 
TMS320C31 are used to refer to all speed variants of those processors where 
that is appropriate. Special references, such as TMS320C30-40, are used to 
note any specific exceptions. 


The TMS320C30 and TMS320C31 can perform parallel multiply and ALU op- 
erations on integer or floating-point data in a single cycle. The processor also 
possesses a general-purpose register file, program cache, dedicated auxiliary 
register arithmetic units (ARAU), internal dual-access memories, one DMA 
channel supporting concurrent I/O, and a short machine-cycle time. High per- 
formance and ease of use are products of those features. 


General-purpose applications are greatly enhanced by the large address 
space, multiprocessor interface, internally and externally generated wait 
states, two external interface ports (one on the TMS320C31), two timers, two 
serial ports (one on the TMS320C31), and multiple interrupt structure. The 
TMS320C3x supports a wide variety of system applications from host proces- 
sor to dedicated coprocessor. 


High-level language is more easily implemented through a register-based ar- 
chitecture, large address space, powerful addressing modes, flexible instruc- 
tion set, and well-supported floating- point arithmetic. 


Figure 1—2 is a functional block diagram that shows the interrelationships be- 
tween the various TMS320C3x key components. 


1-3 


TMS320C31 Key Feature 


Program RAM Block 0 


RAM Block 1 
Cach 
=5 (64 x 32) (1K x 32) (1K x 32) 


ey Ct 


A23-0 
DMA | 
RESET 
INT3—0 Integer/ Integer/ Address Generators 
TAGK Floating-Point Floating-Point a) 
Multiplier ALU Control Registers co er : 
oS 8 Extended-Precision 5 
MCBL/MP = Registers . 2 
x1 = = 
ie Address Address a 


vss 8 Auxiliary Registers 
12 Contro! Registers 


Available on 
TMS320C30, 
TMS320C30-27 and 
TMS320C30-40 


1-4 Introduction 


.LMS320030 Ke ay Features 


1.2 TMS320C30 Key Features 
Some key features of the TMS320C30 are listed below. 
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Performance 
1) TMS320C30 


H 60-ns single cycle instruction execution time 
H 33.3 MFLOPS (million floating-point operations per second) 
H 16.7 MIPS (million instructions per second) 


2) TMS320C30-27 


H 74-ns single cycle instruction execution time 
f& 27 MFLOPS 
13.5 MIPS 


3) TMS320C30-40 


@ 50-ns single cycle instruction execution time 
40 MFLOPS 
20 MIPS 
One 4K x 32-bit single-cycle dual-access on-chip ROM block 
Two 1K x 32-bit single-cycle dual-access on-chip RAM blocks 
64 x 32-bit instruction cache 
32-bit instruction and data words, 24-bit addresses 
40/32-bit floating-point/integer multiplier and ALU 
32-bit barrel shifter 
Eight extended-precision registers (accumulators) 


Two address generators with eight auxiliary registers and two auxiliary 
register arithmetic units 


On-chip direct memory access (DMA) controller for concurrent I/O and 
CPU operation 


Integer, floating-point, and logical operations 

Two- and three-operand instructions 

Parallel ALU and multiplier instructions in a single cycle 
Block repeat capability 

Zero-overhead loops with single-cycle branches 
Conditional calls and returns 

Interlocked instructions for multiprocessing support 
Two 32-bit data buses (24- and 13-bit address) 

Two serial ports to support 8/16/24/32-bit transfers 

Two 32-bit timers 

Two-general-purpose external flags, four external interrupts 
181-pin grid array (PGA) package; 1-um CMOS ' 
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1.3. TMS320C31 Key Features 


The TMS320C31 and TMS320C31-27 devices are low-cost 32-bit DSPs that 
offer the advantages of a floating-point processor and ease of use. These de- 
vices are object-code compatible with the TMS320C30. The devices are func- 
tionally equivalent and differ only in their respective electrical and timing char- 
acteristics. Chapter 13 describes these differences in detail. 


TMS320C31 features are identical to those of the TMS320C30 device, except 
that the TMS320C31 uses a subset of the TMS320C30’s standard peripheral 
and memory interfaces—thus maintaining the TMS320C30 core CPU 
33-MFLOP performance while providing the cost advantages associated with 
132-pin plastic quad flat pack (PQFP) packaging. 


The TMS320C31-27 is a slower speed, pin and object-code compatible ver- 
sion of the TMS320C31. It delivers 27 MFLOPS (million floating-point opera- 
tions per second) and runs at 27 MHz. The reduced speed allows you to realize 
an immediate system cost reduction by using slower off-chip memories and a 
lower cost processor. 


Some key features of the TMS320C31, including those which differentiate it 
from the TMS320C30, are summarized as follows: 


Ck Performance 
™@ 1TMS320C31 


™ 60-ns single-cycle instruction execution time 
m 33.3 MFLOPS 
= §=16.7 MIPS (million instructions per second) 


@ TMS320C31-27 


m 74-ns single-cycle instruction execution time 
= 27MFLOPS 
m 13.5 MIPS 


Flexible boot program loader 
One serial port to support 8/16/24/32-bit transfers 
‘One 32-bit data bus (24-bit address) | 
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132-pin plastic quad flat pack (PQFP) package, .8 um CMOS 
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1.4 Typical Applications 


The TMS320 family’s versatility, realtime performance, and multiple functions 
offer flexible design approaches in a variety of applications, which are shown 
in Table 1-1. 


Table 1-1. Typical Applications of the TMS320 Family 


’ General-Purpose DSP Graphics/imaging 


Digital Filtering 3-D Transformations Rendering Spectrum Analysis 
Convolution Robot Vision Function Generation 
Correlation Image Transmission/Compression Pattern Matching 
Hilbert Transforms Pattern Recognition Seismic Processing 
Fast Fourier Transforms Image Enhancement ~ Transient Analysis 
Adaptive Filtering Homomorphic Processing Digital Filtering 
Windowing Workstations ° Phase-Locked Loops 
Waveform Generation Animation/Digital Map 


Voice Mail Disk Control Secure Communications 
Speech Vocoding Servo Control Radar Processing 

Speech Recognition Robot Control Sonar Processing 
Speaker Verification Laser Printer Control Image Processing 

Speech Enhancement Engine Control Navigation 

Speech Synthesis Motor Control Missile Guidance 
Text-to-Speech Kalman Filtering Radio Frequency Modems 
Neural Networks Sensor Fusion 


Telecommunications Automotive 


Echo Cancellation FAX Engine Control 
ADPCM Transcoders Cellular Telephones Vibration Analysis 

' Digital PBXs Speaker Phones Antiskid Brakes 
Line Repeaters Digital Speech Adaptive Ride Control 
Channel Multiplexing Interpolation (DSI) Global Positioning 
1200- to 19200-bps Modems X.25 Packet Switching Navigation 
Adaptive Equalizers Video Conferencing Voice Commands 
DTMF Encoding/Decoding Spread Spectrum Digital Radio 
Data Encryption Communications Cellular Telephones 


Radar Detectors Robotics Hearing Aids 

Power Tools Numeric Control Patient Monitoring 

Digital Audio/TV Security Access Ultrasound Equipment 

Music Synthesizer Power Line Monitors Diagnostic Tools 

Toys and Games Visual Inspection Prosthetics 

Solid-State Answering Lathe Control Fetal Monitors 
Machines CAM MR Imaging 
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2 Architectural Overview 


Chapter 2 


Architectural Overview 


The TMS320C3x architecture (shown in Figure 2-1) responds to system 
demands that are based on sophisticated arithmetic algorithms and which em- 
phasize both hardware and software solutions. High performance is achieved 
through the precision and wide dynamic range of the floating-point units, large 
on-chip memory, a high degree of parallelism, and the DMA controller. 


Major areas of discussion are listed below. \ 


Ci Central Processing Unit (CPU) (Section 2.1 on page 2-3) 
H Floating-point/integer multiplier 

ALU for floating-point, integer, and logical operations 

32-bit barrel shifter 

Internal buses (CPU1/CPU2 and REG1/REG2) 

Auxiliary register arithmetic units (ARAUs) 


CPU register file 
fi Memory Organization (Section 2.2 on page 2-9) 
BH =RAM, ROM, and cache 
m@ Memory maps 
m@ Memory addressing modes 
m@ Instruction set summary 
Ci Internal Bus Operation (Section 2.3 on page 2-22) 
(4 External Bus Operation (Section 2.4 on page 2-23) 
C4 Peripherals (Section 2.5 on page 2-24) 
= Timers 
M@ Serial ports 
Gz Direct Memory Access (DMA) (Section 2.6 on page 2-26) 
[i System Integration (Section 2.7 on page 2-27) 
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Figure 2-1. TMS320C3x Block Diagram. 
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Architectural Overview 


2.1 Central Processing Unit (CPU) 


The TMS320C3x has a register-based CPU architecture. The CPU consists 
of the following components: 


C4 Floating-point/integer multiplier 


Cy ~=ALU for performing arithmetic: floating-point, integer, and logical opera- 
tions 


32-bit barrel shifter 
Internal buses (CPU1/CPU2 and REG1/REG2) 


Auxiliary register arithmetic units (ARAUs) 
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CPU register file 


Figure 2-2 shows the various CPU components that are discussed in the 
succeeding subsections. 
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Figure 2-2. Central Processing Unit (CPU) 
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* Disp = an 8-bit integer displacement carried in a program control instruction 
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2.1.1 


Multiplier 


Central Processing Unit (CPU) 
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The multiplier performs single-cycle multiplications on 24-bit integer and 32-bit 
floating-point values. The TMS320C3x implementation of floating-point arith- 
metic allows for floating-point operations at fixed-point speeds via a 50-ns in- 
struction cycle and a high degree of parallelism. To gain even higher through- 
put, you can use parallel instructions to perform a multiply and ALU operation 
in a single cycle. 


When the multiplier performs floating-point multiplication, the inputs are 32-bit 
floating-point numbers, and the result is a 40-bit floating-point number. When 
the multiplier performs integer multiplication, the input data is 24 bits and yields 
a 32-bit result. Refer to Chapter 4 for detailed information on data formats and 
floating-point operation. 


2.1.2 Arithmetic Logic Unit (ALU) 


The ALU performs single-cycle operations on 32-bit integer, 32-bit logical, and 
40-bit floating-point data, including single-cycle integer and floating-point con- 
versions. Results of the ALU are always maintained in 32-bit integer or 40-bit 
floating-point formats. The barrel shifter is used to shift up to 32 bits left or right 
in a single cycle. Refer to Chapter 4 for detailed information on data formats 
and floating-point operation. 


~ Internal buses, CPU1/CPU2 and REG1/REG2, carry two operands from 


memory and two operands from the register file, thus allowing parallel multi- 
plies and adds/subtracts on four integer or floating-point operands in a single 
cycle. 


2.1.3 Auxiliary Register Arithmetic Units (ARAUs) : 


Two auxiliary register arithmetic units (ARAUO and ARAU1) can generate two 
addresses in a single cycle. The ARAUs operate in parallel with the multiplier 
and ALU. They support addressing with displacements, index registers (IRO 
and IR1), and circular and bit-reversed addressing. Reter to Chapter 5 for a 
description of addressing modes. 


2.1.4 CPU Register File 


The TMS320C3x provides 28 registers in a multiport register file that is tightly 
coupled to the CPU. All of these registers can be operated upon by the multipli- 
er and ALU, and can be used as general-purpose registers. However, the reg- 
isters also have some special functions. For example, the eight extended-pre- 
Cision registers are especially suited for maintaining extended-precision float- 
ing-point results. The eight auxiliary registers support a variety of indirect ad- 
dressing modes and can be used as general-purpose 32-bit integer and logical 
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Table 2-1. CPU Registers 
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registers. The remaining registers provide system functions such as address- 
ing, stack management, processor status, interrupts, and block repeat. Refer 
to Chapter 6 for detailed information and examples of stack management and 
register usage. 


The register names and assigned functions are listed in Table 2—1. Following 
the table, the function of each register or group of registers is briefly described. 
Refer to Chapter 3 for detailed information on each of the CPU registers. 


Extended-precision register 0 
Extended-precision register 1 
Extended-precision register 2 
Extended-precision register 3 
Extended-precision register 4 
Extended-precision register 5 
Extended-precision register 6 
Extended-precision register 7 


Auxiliary register 0 
Auxiliary register 1 
Auxiliary register 2 
Auxiliary register 3 
Auxiliary register 4 
Auxiliary register 5 
Auxiliary register 6 
Auxiliary register 7 


Data-page pointer 
Index register 0 
Index register 1 
Block size 
System stack pointer 


Status register 
CPU/DMA interrupt enable 
CPU interrupt flags 

I/O flags 


RS Repeat start address 
RE Repeat end address 
RC Repeat counter 


The extended-precision registers (R7—R0) are capable of storing and sup- 
porting operations on 32-bit integer and 40-bit floating-point numbers. Any in- 
struction that assumes the operands are floating-point numbers uses bits 
39 — 0. If the operands are either signed or unsigned integers, only bits 
31 — Oare used; bits 39 —32 remain unchanged. This is true for all shift oper- 
ations. Refer to Chapter 4 for extended-precision register formats for float- 
ing-point and integer numbers. 


The 32-bit auxiliary registers (AR7 = ARO) can be accessed by the CPU and 
modified by the two Auxiliary Register Arithmetic Units (ARAUs). The primary 


Architectural Overview 


FO RR TE oO a SS 


ag Halt (CCU 


RN ES BERENS 


function of the auxiliary registers is the generation of 24-bit addresses. They 
can also be used as loop counters or as 32-bit general-purpose registers that 
can be modified by the multiplier and ALU. Refer to Chapter 5 for detailed infor- 
mation and examples of the use of auxiliary registers in addressing. 


The data page pointer (DP) is a 32-bit register. The eight LSBs of the data 
page pointer are used by the direct addressing mode as a pointer to the page 
of data being addressed. Data pages are 64 K words long with a total of 256 
pages. . 


The 32-bit Index registers (IRO, IR1) contain the value used by the Auxiliary 
Register Arithmetic Unit (ARAU) to compute an indexed address. Refer to 
Chapter 6 for examples of the use of index registers in addressing. 


The ARAU uses the 32-bit block size register (BK) in circular addressing to 
specify the data block size. 


The system stack pointer (SP) is a 32-bit register that contains the address 
of the top of the system stack. The SP always points to the last element pushed 
onto the stack. A push performs a preincrement, and a pop performs a post- 
decrement of the system stack pointer. The SP is manipulated by interrupts, 
traps, calls, returns, and the PUSH and POP instructions. Refer to Section 5.5 
for information about system stack management. 


The status register (ST) contains global information relating to the state of the 
CPU. Typically, operations set the condition flags of the status register accord- 
ing to whether the result is zero, negative, etc. This includes register load and. 
store operations as well as arithmetic and logical functions. When the status 
register is loaded, however, a bit-for-bit replacement is performed with the con- 
tents of the source operand, regardless of the state of any bits in the source 
operand. Therefore, following a load, the contents of the status register are 
identically equal to the contents of the source operand. This allows the status 
register to be easily saved and restored. See Table 3-2 for alist and definitions 
of the status register bits. 


The CPU/DMA interrupt enable register (IE) is a 32-bit register. The CPU in- 
terrupt enable bits are in locations 10 — 0. The DMA interrupt enable bits are 
in locations 26 — 16. A1 in aCPU/DMA interrupt enable register bit enables 
the corresponding interrupt. A 0 disables the corresponding interrupt. Refer to 
subsection 3.1.8 for bit definitions. 


The CPU interrupt flag register (IF) is also a 32-bit register (see subsection 
3.1.9). A 1 in a CPU interrupt flag register bit indicates that the corresponding 
interrupt is set. A 0 indicates that the corresponding interrupt is not set. 


The I/O flags register (IOF) controls the function of the dedicated external 
pins, XFO and XF1. These pins may be configured for input or output and may 
also be read from and written to. See subsection 3.1.10 for detailed informa- 
tion. 
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The repeat counter (RC) is a 32-bit register used to specify the number of 
times a block of code is to be repeated when performing a block repeat. When 
the processor is operating in the repeat mode, the 32-bit repeat start address 
register (RS) contains the starting address of the block of program memory 
to be repeated, and the 32-bit repeat end address register (RE) contains the 
ending address of the block to be repeated. 


The program counter (PC) is a 32-bit register containing the address of the 
next instruction to be fetched. Although the PC is not part of the CPU register 
file, itis a register that can be modified by instructions that modify the program 
flow. 
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2.2 Memory Organization 


The total memory space of the TMS320C3x is 16M (million) 32-bit words. Pro- 
gram, data, and I/O space are contained within this 16M-word address space, 
thus allowing tables, coefficients, program code, or data to be stored in either 
RAM or ROM. In this way, memory usage is maximized and memory space al- 
located as desired. 


2.2.11 RAM, ROM, and Cache 


Figure 2-3 shows how the memory is organized on the TMS320C3x. RAM 
blocks 0 and 1 are each 1K x 32 bits. The ROM block, available only on the 
TMS320C30, is 4K x 32 bits. Each RAM and ROM block is capable of support- 
ing two CPU accesses in a single cycle. The separate program buses, data 
buses, and DMA buses allow for parallel program fetches, data reads and 
writes, and DMA operations. For example: the CPU can access two data val- 
ues in one RAM block and perform an external program fetch in parallel with 
the DMA loading another RAM block, all within a single cycle. 


A 64 x 32-bit instruction cache is provided to store often repeated sections of 
code, thus greatly reducing the number of off-chip accesses necessary. This 
allows for code to be stored off-chip in slower, lower-cost memories. The exter- 
nal buses are also freed for use by the DMA, external memory fetches, or other 
devices in the system. 


Refer to Chapter 3 for detailed information about the memory and instruction 
cache. 
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Figure 2-3. Memory Organization 
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2.2.2 Memory Maps 


The memory map is dependent upon whether the processor is running in the 
microprocessor mode (MC/MP or MCBL/MP = 0) or the microcomputer mode 
(MC/MP or MCBL/MP = 1). The memory maps for these modes are similar (see 
Figure 2—4). Locations 800000h through 801FFFh are mapped to the expan- 
sion bus. When this region, available only on the TMS320C30, is accessed, 
MSTRB is active. Locations 802000h through 803FFFh are reserved. Loca- 
tions 804000h through 805FFFh are mapped to the expansion bus. When this 
region, available only on the TMS320C30, is accessed, IOSTRB is active. Lo- 
cations 806000h through 807FFFh are reserved. All of the memory-mapped 
peripheral registers are in locations 808000h through 8097FFh. In both modes, 
RAM block 0 is located at addresses 809800h through 809BFFh, and RAM 
block 1 is located at addresses 809C00h through 809FFFh. Locations 
80A000h through OFFFFFFh are accessed over the external memory port 
(STRB active). 


In microprocessor mode, the 4K on-chip ROM (TMS320C30) or bootloader 
(TMS320C31) is not mapped into the TMS320C3x memory map. Locations Oh 
through OBFh consist of interrupt vector, trap vector, and reserved locations, 
all of which are accessed over the external memory port (STRB active). Loca- 
tions OCOh through 7FFFFFh are also accessed over the external memory 
port. 


In microcomputer mode, the 4K on-chip ROM (TMS320C30) or bootloader 
(TMS320C31) is mapped into locations Oh through OFFFh. There are 192 loca- 
tions (Oh through OBFh) within this block for interrupt vectors, trap vectors, and 
a reserved space. Locations 1000h through 7FFFFFh are accessed over the 
external memory port (STRB active). 


Section 3.2 describes the memory maps in greater detail. The peripheral bus 
map and the vector locations for reset, interrupts, and traps are also given. 


Be careful! Access to a reserved area produces unpredictable re- 
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Figure 2-4. TMS320C30 Memory Maps 
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(8K) 


Expansion Bus 
IOSTRB Active (8K) 


Peripheral Bus 
Memory-Mapped 
Registers 
(Internal) (6K) 


RAM Block 0 
(1K) (Internal) 


RAM Block 1 
(1K) (Internal) 


External 
STRB Active 


(b) Microcomputer Mode 
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Figure 2-5. TMS320C31 Memory Maps 
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Reserved Reserved 
(32K Words) (32K Words) 
807FFFh 807FFFh 
808000h 808000h 
Peripheral Bus Peripheral Bus 
Memory-Mapped Memory-Mapped 
Registers Registers 
8097FFh (6K Internal) 8097FFh (6K Internal) 
809800h 809800h 
RAM Block 0 RAM Block 0 
(1K Internal) (1K Internal) 
809BFFh 809BFFh 
809C00h 809C00h 
RAM Block 14 
(1K-64 Internal) 
809FCOh 
RAM Block 1 ach 
(isinternal) User Program Interrupt 
and Trap Branches 
(64 Internal) 
809FFFh 809FFFh 
80A000h 80A000h 
External FFFOOOh Fraternal 
STRB Active Pee 
FFFFFFh FFFFFFh 
(a) Microprocessor Mode (b) Microcomputer/Boot Loader Mode 
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2.2.3 Memory Addressing Modes 


The TMS320C3x supports a base set of general-purpose instructions as well 
as arithmetic-intensive instructions that are particularly suited for digital signal 
‘processing and other numeric-intensive applications. Refer to Chapter 5 for 
detailed information on addressing. 


Five groups of addressing modes are provided on the TMS320C3x. Six types 
of addressing may be used within the groups, as shown in the following list: 


Ch General addressing modes: | 
m Register. The operand is a CPU register. 
@ Short immediate. The operand is a 16-bit immediate value. 
™ Direct. The operand is the contents of a 24-bit address. 
@ Indirect. An auxiliary register indicates the address of the operand. 
Ch Three-operand addressing modes: 
™@ Register. Same as for general addressing mode. 
m Indirect. Same as for general addressing mode. 
Ci Parallel addressing modes: 
@ Register. The operand is an extended-precision register. 
BH Indirect. Same as for general addressing mode. 
Ch ~=Long-immediate addressing mode. 
m Long-immediate. The operand is a 24-bit immediate value. 
£4 =Conditional branch addressing modes: 
™@ Register. Same as for general addressing mode 
™ PC-relative. A signed 16-bit displacement is added to the PC. 


2.2.4 Instruction Set Summary 


Table 2—2 lists the TMS320C3x instruction set in alphabetical order. Each table 
entry shows the instruction mnemonic, description, and operation. Refer to 
Chapter 10 for a functional listing of the instructions and individual instruction 
descriptions. 
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Table 2-2. Instruction Set Summary 


ASH 


Arithmetic shift If count > 0: 


(Shifted Dreg left by count) — Dreg 
Else: 


(Shifted Dreg right by |count|) — Dreg 


Arithmetic shift (3-operand) 


If count 2 0: 
(Shifted src left by count) — Dreg 


Ise: 


(Shifted src right by |count}) —> Dreg 


Branch conditionally (standard) If cond = true: 
lf Csrc is aregister, Csrc —> PC 
If Csrc is a value, Csrc + PC —> PC 
Else, PC +1—> PC 


If cond = true: 
If Csrc is aregister, Csrc —> PC 
lf Csrcis avalue, Csre + PC +3—>PC 
Else, PC +1— PC 


Branch conditionally (delayed) 


LEGEND: 


sre general addressing modes Dreg register address (any register) 
src three-operand addressing modes Rn register address (R7 — RO) 
src2 three-operand addressing modes Daddr destination memory address 
Csre conditional-branch addressing modes ARn auxiliary register n (AR7 — ARO) 
Sreg register address (any register) addr 24-bit immediate address (label) 
count _ shift value (general addressing modes) cond condition code (see Chapter 11) 
SP stack pointer ST status register 

GIE global interrupt enable register RE repeat interrupt register 

RM repeat mode bit RS repeat start register 

TOS top of stack PC program counter 


Cc carry bit 


Memory Organization 
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Table 2-2. __ Instruction Set Summary (Continued) 


[Mnemonic [Description ——+(| _———~—~<Operation id 
Branch unconditionally (standard) Value > PC 
BRD - Branch unconditionally (delayed) Value 3 PC 


CALL Call subroutine PC+1—3 TOS 
Value —> PC 


CALLcond Call subroutine conditionally If cond = true: 
PC +1— TOS 
If Csrc is a register, Csrc — PC 
If Csrc is a value, Csrc + PC — PC 
Else, PC +1— PC 


CMPF Compare floating-point values Set flags on Rn—src 


CMPF3 Compare floating-point values Set flags on src1 — src2 
(3-operand) 


CMP 
CMPIS 
DBcond Decrement and branch conditionally ARn-1— ARn 
AsteHieae) If cond = true and ARn 2 0: 

lf Csrc is a register, Csrc — PC 

If Csrc is a value, Csrc + PC + 1 — PC 
Else, PC +1 — PC 


ARn—1— ARn 
If cond = true and ARn 2 0: 

If Csrc is a register, Csrc —> PC 

If Csrc is a value, Csrc + PC +3 —> PC 
Else, PC +1 — PC 


FIX Convert floating-point value to integer Fix (src) > Dreg 
FLOAT Convert integer to floating-point value Float(src) > Rn 


DBcondD Decrement and branch conditionally 


(delayed) 


IACK Interrupt acknowledge Dummy read of src 

IACK toggled low, then high 
IDLE Idle until interrupt PC+1—23PC 

Idle until next interrupt 


LD Load floating-point exponent src(exponent) —> Rn(exponent) 
LD Load floating-point value src > Rn 


E 
F 


LDFcond Load floating-point value conditionally If cond = true, src —> Rn 
Else, Rn is not changed ; 


LDFI Load floating point value, interlocked Signal interlocked operation src — Rn 
Lo Load integer 


LDIcond ‘Load integer conditionally 


If cond = true, src —> Dreg 
Else, Dreg is not changed 
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Instruction Set Summary (Continued) 


[Hinemonio | __Deseription [Operation 
LDII Load integer, interlocked Signal interlocked operation src > Dreg 
M Load floating-point mantissa src (mantissa) > Rn (mantissa) 
H 


LS Logical shift lf count > 0: 
(Dreg left-shifted by count) — Dreg 
LSH3 Logical shift (3-operand) 


Else: 
(Dreg right-shifted by |count|) — Dreg 


If count = 0: 


(src left-shifted by count) — Dreg 
Else: 


(src right-shifted by |count|) —> Dreg 


NOP____|Nooperation” | Moaiy ARnfepecifed 


Cc 
PoP Pepinesertonseek [gpm 


LEGEND: 
src general addressing modes Dreg register address (any register) 
sre1 three-operand addressing modes Rn - register address (R7 — RO) 
srce2 three-operand addressing modes Daddr _ destination memory address 
Csre conditional-branch addressing modes ARn auxiliary register m(AR7 — ARO) 
Sreg register address (any register) addr 24-bit immediate address (label) 
count _ shift value (general addressing modes) cond condition code (see Chapter 11) 
SP stack pointer ST status register 
GIE global interrupt enable register RE repeat interrupt register 
RM repeat mode bit RS repeat start register 
TOS top of stack PC program counter 


Cc carry bit 
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Table 2-2. _ Instruction Set Summary (Continued) 


[Mnemonic [Description —_—*([ Operation ——SS—=«d/ 
PUSHF Push floating-point value on stack 


RETIcond Return from interrupt conditionally If cond = true or missing: 
. *SP--—> PC 


1 — ST (GIE) 
Else, continue 


RETScond Return from subroutine conditionally If cond = true or missing: 


*“SP-—--— PC 
Else, continue 


RORC Rotate right through carry Dreg rotated right 1 bit through carry > 
Dreg 


RPTB Repeat block of instructions src > RE 


1 —> ST (RM) 
Next PC — RS 


src > RC 

1 — ST (RM) 
Next PC — RS 
Next PC —> RE 


SIGI . Signal, interlocked Signal interlocked operation 
Wait for interlock acknowledge 
Clear interlock 


RPTS Repeat single instruction 


STF Store floating-point value Rn — Daddr 


STF Store floating-point value, interlocked Rn — Daddr 
Signal end of interlocked operation 


oh Steg —> Dadar 


STII Store integer, interlocked Sreg — Daddr 
Signal end of interlocked operation 


SUBB ‘Subtract integers with borrow Dreg - src - C — Dreg 
SUBB3 Subtract integers with borrow (3-operand) | sre1 — src2-C —> Dreg 


SUBC Subtract integers conditionally 


If Dreg — src 2 0: 
{(Dreg — src) << 1] OR 1 —> Dreg 
Else, Dreg << 1 — Dreg 
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Table 2-2. Instruction Set Summary (Concluded) 


[itnemenic [Description [| ———Operation ——SS—*SY 


SUBI3 Subtract integers (3-operand) . srcl — src2 —> Dreg 
SUBRB Subtract reverse integer with borrow src — Dreg- C —> Dreg 
SUBRF Subtract reverse floating-point value 


SUBRI Subtract reverse integer src - Dreg > Dreg 
Software interrupt Perform emulator interrupt sequence 


TRAPcond | Trap conditionally If cond = true or missing: 
Next PC — * ++ SP 
Trap vector N —> PC 


0 — ST (GIE) 
Else, continue 


TSTB Test bit fields Dreg AND src 
TSTB3 Test bit fields (3-operand) src1 AND src2 


Bitwise exclusive-OR Dreg XOR src —> Dreg 
XOR3 Bitwise exclusive-OR (3-operand) src1 XOR src2 — Dreg 


. 


LEGEND: 
src general addressing modes _Dreg register address (any register) 
srct three-operand addressing modes Rn register address (R7 — RO) 
srce2 three-operand addressing modes Daddr destination memory address 
Csrc conditional-branch addressing modes ARn auxiliary register n (AR7 — ARO) 
Sreg register address (any register) addr 24-bit immediate address (label) 
count _ shift value (general addressing modes) cond condition code (see Chapter 11) 
SP stack pointer ST status register 
GIE global interrupt enable register RE repeat interrupt register 
RM repeat mode bit RS repeat start register 
TOS top of stack PC program counter 


Cc carry bit 
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Table 2-3. Parallel Instruction Set Summary 
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FIX Convert floating-point to integer Fix(sre2) —> dst 
jst \| src3 —> dst2 


' ee Logical shift If count > 0: 
src2 << count — dst1 
; {| src3 — dst2 
Else: 
src2 >> |count| — dst1 
|| src3 —> dst2 


| Mnemonic | Description Operation 


Parallel Arithmetic With Store Instructions 


oer Absolute value of a floating-point \src2| > dst 
|| src3 — dst2 
, ae Absolute value of an integer |src2| — dst 
\| src3 —> dst2 
\ BrDre Add floating-point src1 + src2 — dstt 
|| src3 —> dst2 
eo Add integer srcl + src2 —> dst1 
{| src3 — dst2 
| ae Bitwise logical-AND src1 AND src2 —> dst1 
| \| src3 — dst2 


ASH3 Arithmetic shift If count > 0: 


src2 << count — dst1 


|| src3 — dst2 
Else: 


src2 >> |count] — dst1 
|| src3 — dst2 


FLOAT Convert integer to floating-point Float(sre2) —> dst 
iene il sro3 > dst2 
STE Load floating-point src2 —> dst 
ess 
LDI Load integer src2 — dst 
I| STI || src3 —> dst2 


1 ee Multiply floating-point src1 x src2 dst1 
src3 —> dst 
|| src3 —> dst2 
T Mee Multiply integer src1 x src2 — dst 
\| src3 —> dst2 
' eer Negate floating-point O- src2 — dst 
|| src3 —> dst2 
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Parallel Instruction Set Summary (Concluded) 


Parallel Arithmetic With Store Instructions (Concluded) 
N 


srci1 — src2 — dst1 
\| src3 — dst2 


\ aoe Subtract integer ‘| sret —srce2 3 dst 
|| src3 — dsi2 
|| src3 —> dst2 


LDF Load floating-point : src2 — dst 

[a nial =) - 
LDI Load integer src2 — dst! 

CE hac -— 


Parallel Multiply And Add/Subtract Instructions 
, Eppes Multiply and add floating-point opi x op2 > op3 
|| op4 + op5 — op6 
' OBES Multiply and subtract floating-point opt x op2 > op3 
|| op4 —- op5 — op6 
f Anne Multiply and add integer op1 x op2 — op3 
|| op4 + op5 — op6 
f sie Multiply and subtract integer op1 x op2 — op3 
|| op4 — op5 — op6 


LEGEND: 
src register addr (R7 — RO) src2 indirect addr (disp = 0, 1, IRO, IR1) 
sre3 register addr (R7 — RO) src4 indirect addr (disp = 0, 1, IRO, IR1) 
dst1 register addr (R7 — RO) dst2 indirect addr (disp = 0, 1, RO, IR1) 
op3 register addr (RO or R1) op6 register addr (R2 or R3) 


0p1,0p2,0p4,op5 — Two of these operands must be specified using register addr, and two mustbe specified 
using Indirect. 
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Internal Bus Operation 


Alarge portion of the TMS320C3x’s high performance is due to internal busing 
and parallelism. The separate program buses (PADDR and PDATA), data 
buses (DADDR1, DADDR2, and DDATA), and DMA buses (DMAADDR and 
DMADATA) allow for parallel program fetches, data accesses, and DMA ac- 
cesses. These buses connect all of the physical spaces (on-chip memory, 
off-chip memory, and on-chip peripherals) supported by the TMS320C30. 
Figure 2-3 shows these internal buses and their connection to on-chip and off- 
chip memory blocks. 


The program counter (PC) is connected to the 24-bit program address bus 
(PADDR). The instruction register (IR) is connected to the 32-bit program data 
bus (PDATA). These buses can fetch a single instruction word every machine 
cycle. 


The 24-bit data address buses (DADDR1 and DADDR2) and the 32-bit data 
data bus (DDATA) support two data memory accesses every machine cycle. 
The DDATA bus carries data to the CPU over the CPU1 and CPU2 buses. The 
CPU and CPU2 buses can carry two data memory operands to the multiplier, 
ALU, and register file every machine cycle. Also internal to the CPU are regis- 
ter buses REG1 and REG2 that can carry two data values from the register file 
to the multiplier and ALU every machine cycle. Figure 2-2 shows the buses 
internal to the CPU section of the processor. 


The DMA controller is supported with a 24-bit address bus (ODMAADDR) and 
a 32-bit data bus (DMADATA). These buses allow the DMA to perform memory 
accesses in parallel with the memory accesses occurring from the data and 
program buses. 


| Architectural Overview 


2.4 External Bus Operation 


The TMS320C30 provides two external interfaces: the primary bus and the ex- 
pansion bus. The TMS320C31 provides one external interface: the primary 
bus. Both primary and expansion buses consist of a 32-bit data bus and a set 
of control signals. The primary bus has a 24-bit address bus, whereas the ex- 
pansion bus has a 13-bit address bus. Both buses can be used to address ex- 
ternal program/data memory or I/O space. The buses also have an external 
RDY signal for wait-state generation. Additional wait states may be inserted 
under software control. Refer to Chapter 7 for detailed information on external 
bus operation. 


2.4.1 External Interrupts 


The TMS320C3x supports four external interrupts (INT3—INTO), a number of 
internal interrupts, and a nonmaskable external RESET signal. These can be 

- used to interrupt either the DMA or the CPU. When the CPU responds to the 
interrupt, the IACK pin can be used to signal an external interrupt acknowl- 
edge. Section 6.5 (beginning on page 6-16) cover RESET and interrupt pro- 
cessing. 


2.4.2 Interlocked-Instruction Signaling 


Two external I/O flags, XFO and XF1, can be configured as input or output pins 
under software control. These pins are also used by the interlocked operations 
of the TMS320C3x. The interlocked-operations instruction group supports 
multiprocessor communication (see Section 6.4 on page 6-10 for examples of 
the use of interlocked instructions). 
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2.5 Peripherals 


All TMS320CS8x peripherals are controlled through memory-mapped registers 
on adedicated peripheral bus. This peripheral bus is composed of a 32-bit data 
bus and a 24-bit address bus. This peripheral bus permits straightforward com- 
munication to the peripherals. The TMS320C3x peripherals include two timers 
and two serial ports (only one serial port is available on the TMS320C31). 
Figure 2—6 shows the peripherals with associated buses and signals. Refer to 
Chapter 8 for detailed information on the peripherals. 


Figure 2-6. Peripheral Modules 
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Timer Counter Register 


Available on TMS320C30, 
TMS320C30-27, and 
TMS320C30-40 
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2.5.1. Timers 


2.5.2 Serial Ports 


The two timer modules are general-purpose 32-bit timer/event counters with 
two signaling modes and internal or external clocking. Each timer has an I/O 
pin that can be used as an input clock to the timer or as an output signal driven 
by the timer. The pin may also be configured as a general-purpose I/O pin. 


The two bidirectional serial ports are totally independent. They are identical 
with acomplementary set of control registers controlling each one. Each serial 
port can be configured to transfer 8, 16, 24, or 32 bits of data per word. The 
clock for each serial port can originate either internally or externally. An inter- 
nally generated divide-down clock is provided. The serial port pins are confi- 
gurable as general-purpose I/O pins. The serial ports can also be configured 
as timers. A special handshake mode allows TMS320C3xs to communicate 
over their serial ports with guaranteed synchronization. 
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2.6 Direct Memory Access (DMA) 


The on-chip Direct Memory Access (DMA) controller can read from or write to 
any location in the memory map without interfering with the operation of the 
CPU. Therefore, the TMS320C3x can interface to slow external memories and 
peripherals without reducing throughput to the CPU. The DMA controller con- 
tains its own address generators, source and destination registers, and trans- 
fer counter. Dedicated DMA address and data buses allow for minimization of 
conflicts between the CPU and the DMA controller. A DMA operation consists 
of a block or single-word transfer to or from memory. Refer to Chapter 8 for de- 
tailed information on the DMA. Figure 2—7 shows the DMA controller with asso- 
ciated buses. 


Figure 2-7. DMA Controller 
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2.7 System Integration 


In summary, the TMS320C3x is a powerful DSP system because of its integra- 
tion of an innovative, high-performance CPU, two external interface ports, 
large memories, and efficient buses to support its speed. A single chip con- | 
tains this system along with peripherals such as a DMA controller, two serial 
ports, and two timers. The total system real estate and price have been re- 
duced, providing the user with a true single-chip solution. 
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Chapter 3 


CPU Registers, Memory, and Cache 


The CPU register file contains 28 registers that can be operated on by the multi- 
plier and ALU (arithmetic logic unit). Included in the register file are the auxiliary 
registers, extended-precision registers, and index registers. The registers in 
the CPU register file support addressing, floating-point/integer operations, 
stack management, processor status, block repeats, and interrupts. 


The TMS320C3x provides a total memory space of 16M (million) 32-bit words 
containing program, data, and I/O space. Two RAM blocks of 1K x 32 bits each 
anda ROM block, available only on the TMS320C30, of 4K x 32 bits permit two 
CPU accesses in a single cycle. The memory maps for the microcomputer and 
microprocessor modes are similar, except that the on-chip ROM is not used 
in microprocessor mode. 


A 64 x 32-bit instruction cache stores often repeated sections of code. This 
greatly reduces the number of off-chip accesses and allows code to be stored 
off-chip in slower, lower-cost memories. Three bits in the CPU status register 
control the clear, enable, or freeze of the cache. 


This chapter describes in detail each of the CPUregisters, the memory maps, 
and the instruction cache. Major topics are as follows: 


fi CPU Register File (Section 3.1 on page 3-3) 
m Extended-precision registers (R7 — RO) 

Auxiliary registers (AR7 — ARO) 

Index registers (IRO, IR1) 

Block-size register (BK) 

Data-page pointer (DP) 

System stack pointer (SP) 

Status register (ST) 

CPU/DMA interrupt enable register (IE) 

CPU interrupt flag register (IF) 

I/O flags register (IOF) 
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Cs 


Cd 


™ Repeat-counter (RC) and block-repeat registers (RS, RE) 


M Program counter (PC) 


Memory (Section 3.2 on page 3-12) 

m@ Memory maps 

m@ Peripheral bus map 

m= Reset/interrupt/trap map 

Instruction Cache (Section 3.3 on page 3-19) 
™@ Cache architecture 

m= Cache algorithm 


™ Cache control bits 


CPU Registers, Memory, and Cache 


3.1 CPU Register 


Table 3-1. CPU Registers 
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File 


The TMS320C3x provides 28 registers in a multiport register file that is tightly 
coupled to the CPU. The PC is not included in the 28 registers. All of these reg- 
isters can be operated upon by the multiplier and ALU, and can be used as gen- 
eral-purpose 32-bit registers. However, the registers also have some special 
functions for which they are particularly appropriate. For example, the eight ex- 
tended-precision registers are especially suited for maintaining extended-pre- 
cision floating-point results. The eight auxiliary registers support a variety of 
indirect addressing modes and can be used as general-purpose 32-bit integer 
and logical registers. The remaining registers provide system functions such 
as addressing, stack management, processor status, interrupts, and block re- 
peat. Refer to Chapter 5 for detailed information and examples of the use of 
CPU registers in addressing. 


The registers names and assigned function are listed in Table 3-1. 


Assigned Function Name 


Extended-precision register 0 
Extended-precision register 1 
Extended-precision register 2 
Extended-precision register 3 
Extended-precision register 4 
Extended-precision register 5 
Extended-precision register 6 
Extended-precision register 7 


Auxiliary register 0 
Auxiliary register 1 
Auxiliary register 2 
Auxiliary register 3 
Auxiliary register 4 
Auxiliary register 5 
Auxiliary register 6 
Auxiliary register 7 


DP Data-page pointer 
IRO Index register 0 

IR1 Index register 1 

BK Block-size register 
SP System stack pointer 


ST Status register 

IE CPU/DMA interrupt enable 
IF CPU interrupt flags 

IOF 1/O flags 


RS Repeat start address 
RE Repeat end address 
- RC Repeat counter 
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3.1.1 Extended-Precision Registers (R7 — RO) 


The eight extended-precision registers (R7 — RO) are capable of storing and 
supporting operations on 32-bit integer and 40-bit floating-point numbers. 
These registers consist of two separate and distinct regions: 


Lh bits 39 — 32: dedicated to storage of the exponent (e) of the floating-point 
number. 

Ck bits 31 — 0: store the mantissa of the floating-point number: 
M@ bit 31: sign bit (s), 
m bits 30 — 0: the fraction (f). 


Any instruction that assumes the operands are floating-point numbers uses 
bits 39 — 0. Figure 3-1 illustrates the storage of 40-bit floating-point numbers 
in the extended-precision registers. 


Figure 3-1. Extended-Precision Register Floating-Point Format 
39 32 31 30 0 


rs 
_ mantissa couse =f 


For integer operations, bits 31 — 0 of the extended-precision registers contain 
the integer (signed or unsigned). Any instruction that assumes the operands 
are either signed or unsigned integers uses only bits 31 — 0. Bits 39 — 32 re- 
main unchanged. This is true for all shift operations. The storage of 32-bit inte- 
gers in the extended-precision registers is shown in Figure 3-2. 


Figure 3-2. Extended-Precision Register Integer Format 


39 32 31 0 


signed or unsigned integer 


3.1.2 Auxiliary Registers (AR7 — ARO) 


The eight 32-bit auxiliary registers (AR7 — ARO) can be accessed by the CPU 
and modified by the two Auxiliary Register Arithmetic Units (ARAUs). The pri- 
mary function of the auxiliary registers is the generation of 24-bit addresses. 
However, they can also be used as loop counters in indirect addressing or as 
32-bit general-purpose registers that can be modified by the multiplier and 
ALU. Refer to Chapter 5 for detailed information and examples of the use of 
auxiliary registers in addressing. 
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3.1.3. Data-Page Pointer (DP) 


The data-page pointer (DP) is a 32-bit register, which is loaded using the LDP 
instruction. The eight LSBs of the data-page pointer are used by the direct ad- 
dressing mode as a pointer to the page of data being addressed. Data pages 
are 64 K words long with a total of 256 pages. Bits 31 — 8 are reserved; you 
should always keep these zero. 


3.1.4 Index Registers (IRO, IR1) 


The 32-bit index registers (IRO and IR1) are used by the Auxiliary Register 
Arithmetic Unit (ARAU) for indexing the address. Refer to Chapter 5 for de- 
tailed information and examples of the use of index registers in addressing. 


3.1.5 Block-Size Register (BK) 


The 32-bit block-size register (BK) is used by the ARAU in circular addressing 
to specify the data block size (see Section 5.3 on page 5-24). 


3.1.6 System Stack Pointer (SP) 


The system stack pointer (SP) is a 32-bit register that contains the address of 
the top of the system stack. The SP always points to the last element pushed 
onto the stack. The SP is manipulated by interrupts, traps, calls, returns, and 
the PUSH, PUSHF, POP, and POPF instructions. Pushes and pops of the stack 
perform preincrement and postdecrement, respectively, on all 32 bits of the 
stack pointer. However, only the 24 LSBs are used as an address. Refer to Sec- 
tion 5.5 on page 5-30 for information about system stack management. 


3.1.7 Status Register (ST) 


The status register (ST) contains global information relating to the state of the 
CPU. Typically, operations set the condition flags of the status register accord- 
ing to whether the result is zero, negative, etc. This includes register load and 
store operations as well as arithmetic and logical functions. When the status 
register is loaded, however, the contents of the source operand replace the 
current contents bit-for-bit, regardless of the state of any bits in the source op- 
erand. Therefore, following a load, the contents of the status register are identi- 
cally equal to the contents of the source operand. This allows the status regis- 
ter to be saved easily and restored. At system reset, 0 is written to this register. 
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The format of the status register is shown in Figure 3-3. Table 3-2 defines the 
status register bits, their names, and functions. 


Figure 3-3. Status Register 


27 26 24 23 22 20 19 18 17 16 


31 


14 13 12 11 


PP Poe[o ToT [oo font Po Por [oT To 


RW RAW RW RW RA RAW RW RW RAW OR/WeéR/WWERRCWeséPRRW 


NOTE: xx = reserved bit. 
R = read, W = write. 
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Negative flag. 
Floating-point underflow flag. 


Overflow mode flag. This flag affects aan the integer operations. If OVM 
= 0, the overflow mode is turned off; integer results that overflow are 
treated in no special way. If OVM = 1, 


a) integer results overflowing in the positive direction are set to the 
most positive 32-bit twos-complement number (7FFFFFFFh) 


b) integer results overflowing in the negative direction are set to the 
most negative 32-bit twos-complement number (80000000h). 


Note that the function of V and LV is independent of the setting of OVM. 


Repeat mode flag. If RM = 1, the PC is being modified in either the 
repeat-block or repeat-single mode. 


| a ee eae 


Cache freeze. When CF = 1, the cache is frozen. If the cache is enabled 


according to the least recently used (LRU) cache algorithm. CE = 0 dis- 
ables the cache; no update or modification of the cache can be per- 
formed. No fetches are made from the cache. This function is useful for 
system debug. At system reset, 0 is written to this bit. Cache clearing 
(CC = 1) is allowed when CE=0. 


Cache clear. CC =1 invalidates all entries in the cache. This bitis always 
cleared after itis written to and thus always read as 0. Atreset, Ois written 
to this bit. 


Global interrupt enable. If GIE = 1, the CPUresponds to an enabled inter- 
rupt. If GIE = 0, the CPU does not respond to an enabled sabe 


(CE = 1), fetches from the cache are allowed, but no modification of the 
state of the cache is performed. This function can be used to save fre- 


quently used code resident in the cache. At reset, 0 is written to this bit. 
Cache clearing (CC=1) is allowed when CF=0. 

14 

Value undefined. 


Cache enable. CE = 1 enables the cache, allowing the cache to be used 
tT The seven condition flags (ST bits 6 —0) are defined in Section 10.2 on page 10-9. 
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3.1.8 CPU/DMA Interrupt Enable Register (IE) 


The CPU/DMA interrupt enable register (IE) is a 32-bit register (see 
Figure 3-4). The CPU interrupt enable bits are in locations 10 — 0. The DMA 
interrupt enable bits are in locations 26 — 16. A1inaCPU/DMA interrupt en- 
able register bit enables the corresponding interrupt. A 0 disables the corre- 
sponding interrupt. At reset, 0 is written to this register. Table 3—3 defines the 
register bits, the bit names, and the bit functions. 


Figure 3-4. CPU/DMA Interrupt Enable Register (IE) 


31 30 29 28 27 26 
EDINT ETINT1 ETINTO ERINT1 EXINT1 ERINTO EXINTO EINTS EINT2 EINT1 EINTO 
(DMA) (DMA) (DMA) (DMA) (DMA) (DMA) (DMA) (DMA) (DMA) (DMA) (DMA) 
15 14 13 12 11 10 


EDINT ETINT1 ETINTO ERINT1 EXINT1 ERINTO | EXINTO EINT3 EINT2 EINT1 EINTO 
(CPU) (CPU) (CPU) (CPU) (CPU) (CPU) (CPU) (CPU) (CPU) (CPU) (CPU) 


NOTE: xx = reserved bit, read as 0. 
R = read, W = write. 
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Table 3-3. IE Register Bits Summary 


[sit [Name | ResetVaue [Function 
[of ewro [0 | Enable exernalintonupt 0(CPU) 
[eI ts [0 [Enable extemal interupt 1 (CPU) — 
Pa [ewe [0] Enable externalinterupt2(CPU) 
[a EITs [0 | Enable externalinterupt 3 (CPU) 
[4 | exwTo [0 [Enable seria-porto ransmitinerapt (CPU) 
[~s [erro | 0 [Enable seria-por receive interupt (CPU) 
Pe | exints [0 [Enable serat-port transmit interupt (PU) | 
[7 [enInts [0 [Enable sera port receive interupt (CPU) | 
[a [etinro [0 [Enable timer Ointorupt (CPU) 
pas Petwrs [0 | nabletimertinterupt (CPU) 
[a0 ent [0 | Enable DMA controler iterupt(©PU) 
FiS—t1 [Reserved 0 |Vaneundefned 
Pie | EINTO [0 | Enabio extemal intorupi (OMA) ————— 
[a7 [ents [0 [Enable extemal interupt (OMA) 
[ie eIte [0 [Enable extemal intoupt2 (OMA) 
[79 Ewrs [0 [Enable externatinterupt’9 (OMA) 
20 | exinto| 0] Enable seria-portoranemitinterapt (OMA) 
[21 | erInTo [0 | Enable seria-porto receive interrupt (DMA) 
[2 [exints [0 [Enable seaport transmit interupt (OMA) 
[25 eRINT: | 0 | Enable serat-port 1 receive interupt (OMA) | 
[ae [erinro [0 [Enable timer oinierupt (OMA) 

ed 

pie | 

Po 


| 25 | ETINT! Enable timer 1 interrupt (DMA) 
EDINT Enable DMA controller interrupt (DMA) 
31— 27 | Reserved Value undefined 


3.1.9 CPU Interrupt Flag Register (IF) 


The 32-bit CPU interrupt flag register (IF) is shown in Figure 3-5. A 1 ina CPU 
interrupt flag register bit indicates that the corresponding interrupt is set. The 
IF bits are set to 1 when aninterrupt occurs. They may also be set to 1 through 
software to cause an interrupt. A 0 indicates that the corresponding interrupt 
is not set. Ifa O is written to an interrupt flag register bit, the corresponding inter- 
rupt is cleared. At reset, 0 is written to this register. Table 3—4 lists the bit fields, 
bit field names, and bit field functions of the CPU interrupt flag register. 
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Figure 3-5. CPU Interrupt Flag Register (IF) 


31 30 29 28 27 26 25 24 23 


20 19 18 17 16 


22 21 
pxpopapapof x [ox fox Pow Pow Pow Pom | wf wf x] «| 


15 1413 12 11 10 9 8 7 6 5 4 3 2 1 0 


fafa Peco po Pont] tnt | Taro] ANT] xINTT | ANTO] NTO] wre] wre] wT WTO) 


RW RW RW RWW RW RW RWW RW RW RW RWW 


NOTE: xx = reserved bit, read as 0. 
R = read, W = write. 


Table 3-4. IF Register Bits Summary 


Resetvae [Function Cid 
Po | Exemalinterptonag ———*t 
[0 | Eemalinterupts fag 
[0 | Eemalinterupt2 fag 
[0 [extemal interupt fag 
[4 | xite [0 | Seria:port o ranemitintrapt fag 

5 _[_RINTO | 0 | Seviaipon Oreceiveinterupt flag 
Se ees eee 
[7 [LRtit [0 | Seviapont treceiveinterupt lag 
Pe | tito [0 [Timer ointerupttag 
Pe [tins [0 [Timer interuptag 
[10_[ pt [ 0 | DMAchannelinteruptfiag 
[sti | Reseed | 0-0 [Vaveundefned 


t Reserved on TMS320C31. 


3.1.10 I/O Flags Register (IOF) 


The I/O flags register (IOF) is shown in Figure 3-6 and controls the function 
of the dedicated external pins, XFO and XF1. These pins may be configured 
for input or output. They may also be read from and written to. At reset, 0 is writ- 
ten to this register. The bit fields, bit field names, and bit field functions are 
shown in Table 3-5. 


Figure 3-6. I/O Flag Register (IOF) 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 


pxpocfefracfexfrfrocpef x fe ow ed 


15 14 13 12 1110 9 8 7 


6 5 4 3 2 1 0 
eo xo Pox Pox x Poe] xr [ ourers | tox [x] moro [ono | torr Jo] 
R R/W RW R RAW RW 


NOTE: xx = reserved bit, read as 0. 
R = read, W = write. 
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Table 3-5. IOF Register Bits Summary 


[ait [ Name | ResetVaie [—~—~melion——SSCSC~S 
[0 [Reseved| 0 (Redasa—SOSC~=—“*~s*s—“—*“—*~“—s~*~*~*“‘“‘“—*S*S*~*S 


1 VOXFO If /OXFO = 0, XFO is configured as a general-purpose input pin. 
If VOXFO = 1, XFO is configured as a general-purpose output pin. 


OUTXFO | 0 ~—_| Data output on XFO. | 
ze INXFO ee ee Data input on XFO. A write has no effect. , 
p 4 [Reseved| 0 ‘[ReadasaCSC“~‘“*~*~* 


VOXF1 Ld If TOXFt = = 0, XF1 is configured as a general-purpose input pin. 


lf VOXF1 = 1, XF1 is configured as a general-purpose output pin. 


| 6 =| OUTXF1 | =O ~—_| Data output on XF1. 
eet INXF4 ae Data input on XF1.A write has no effect. 
|3i—s|Reseved| 0-0 —[Readaso. 


3.1.11 Repeat-Count (RC) and Block-Repeat Registers (RS, RE) 


The repeat-count register (RC) is a 32-bit register used to specify the number 
of times a block of code is to be repeated when performing a block repeat. 


The repeat start address register (RS) is a 32-bit register containing the start- 
ing address of the block of program memory to be repeated when operating 
in the repeat mode. 


The 32-bit repeat end address register (RE) contains the ending address of the 
block of program memory to be repeated when operating in the repeat mode. 


3.1.12 Program Counter (PC) 


The program counter (PC) is a 32-bit register containing the address of the next 
instruction to be fetched. While the program counter is not part of the CPU reg- 
ister file, itis a register that can be modified by instructions that modify the pro- 
gram flow. 


3.1.13 Reserved Bits and Compatibility 


In order to retain compatibility with future members of the TMS320C3x family 
of microprocessors, reserved bits that are read as zero must be written as zero. 
Reserved bits that have an undefined value must not have their current value 
modified. In other cases, ine user should maintain the reserved bits as speci- 
fied. 


3.2 Memory 


onarienteantet 


The TMS320C3x’s total memory space of 16M (million) 32-bit words contains 
program, data, and I/O space, allowing tables, coefficients, program code, or 
data to be stored in either RAM or ROM. In this way, memory usage can be 
maximized and memory space allocated as desired. 


RAM blocks 0 and 1 are each 1K x 32 bits. The ROM block is 4K x 32 bits. Each 
on-chip RAM and ROM block is capable of supporting CPU two accesses in 
asingle cycle. The separate program buses, data buses, and DMA buses allow 
for parallel program fetches, data reads/writes, and DMA operations. Chapter 
9 covers this in detail. 


3.2.1. TMS320C3x Memory Maps 
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The memory map is dependent upon whether the processor is running in the 
microprocessor mode (MC/MP or MCBL/MP = 0) or the microcomputer mode 
(MC/MP or MCBL/MP = 1). The memory maps for these modes are similar (see 
Figure 3-7). Locations 800000h through 801FFFh are mapped to the expan- 
sion bus. When this region, available only on the TMS320C30, is accessed, 
MSTRB is active. Locations 802000h through 803FFFh are reserved. Loca- 
tions 804000h through 805FFFh are mapped to the expansion bus. When this 
region, available only on the TMS320C30, is accessed, IOSTRB is active. Lo- 
cations 806000h through 807FFFh are reserved. All of the memory-mapped 
peripheral registers are in locations 808000h through 8097F Fh. In both modes, 
RAM block 0 is located at addresses 809800h through 809BFFh, and RAM 
block 1 is located at addresses 809C00h through 809FFFh. Memory locations 
80A000h through OFFFFFFh are accessed over the primary external memory 
port (STRB active). 


In microprocessor mode, the 4K on-chip ROM (TMS320C30) or bootloader 
(TMS320C31) is not mapped into the TMS320C3x memory map. As shown in 
Figure 3-7, locations Oh through BFh consist of interrupt vector, trap vector, 
and reserved locations, all of which are accessed over the primary external 
memory port (STRB active). Interrupt and trap vector locations are shown in 


Figure 3-9. Locations COh through 7FFFFFh are also accessed over the pri- 


mary external memory port. 


In microcomputer mode, the 4K on-chip ROM (TMS320C30) or bootloader 
(TMS320C31) is mapped into locations 0h through OFFFh. There are 192 loca- 
tions (Oh through BFh) within this block for interrupt vectors, trap vectors, and 
a reserved space. Locations 1000h through 7FFFFFh are accessed over the 
primary external memory port (STRB active). 


Do not read and write reserved portions of the TMS320C3x memory space and 
reserved peripheral bus addresses. Doing so may cause the TMS320C3x to 
halt operation and require a system reset to restart. 
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Figure 3-7, TMS320C30 Memory Maps 


Oh 


OBFh 
-0COh 


7FFFFFh 
800000h 


801FFFh 
802000h 


803FFFh 
804000h 


805FFFh 
806000h 


807FFFh 
808000h 


8097FFh 
809800h 


809BFFh 
809C00h 


809FFFh 
80A000h 


OFFFFFFh 


Interrupt Locations 
and Reserved (192) 
External STRB Active 


External 
STRB Active 


Expansion Bus 
MSTREB Active (8K) 


Reserved 
(8K) 


Expansion Bus 
IOSTRB Active (8K) 


Reserved 
(8K) 


Peripheral Bus 
Memory-Mapped 
Registers 
(Internal) (6K) 


RAM Block 0 
(1K) (Internal) 


RAM Block 1 
(1K) (Internal) 


External 
STRB Active 


(a) Microprocessor Mode 


Oh 


OBFh 
oCOh 


OFFFh 
1000h 


7FFFFFh 
800000h 


801FFFh 
802000h 


803FFFh 
804000h 


805FFFh 
806000h 


807FFFh 
808000h 


8097FFh 
809800h 


809BFFh 
809C00h 


809FFFh 
80A000h 


OFFFFFFh 


Interrupt Locations 
and Reserved (192) 


(Internal) 


External 
STRB Active 


Expansion Bus 
MSTRB Active (8K) 


Reserved 
(8K) 


Expansion Bus 
IOSTRB Active (8K) 


Reserved 
(8K) 


Peripheral Bus 
Memory-Mapped 
Registers 
(Internal) (6K) 


RAM Block 0 
(1K) (Internal) 


RAM Block 1 
(1K) (Internal) 


External 
STRB Active 


(b) Microcomputer Mode 
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SERRE 


SESS RSS 


3.2.2 TMS320C31 Memory Maps 


Setting the state of the TMS320C31 MCBL/MP pin determines the mode in 
which the TMS320C31 can function: , 


[1 Microprocessor mode (MCBL/MP = 0) 
[1 Microcomputer/boot loader mode (MCBL/MP = 1) 


The major difference between these two modes is their memory maps (see 
Figure 3-8). The program boot load feature is enabled when the MCBL/MP pin 
is driven high during reset. 


Notice that special memory locations are used by the loader (internal and ex- 


ternal). They are identified in the microcomputer/boot loader memory map 
shown in Figure 3-8. 
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Figure 3-8. TMS320C31 Memory Maps 


ar Interrupt Locations on 
and Reserved (192) 
OBFh (External STRB Active) Reserved for Boot 
0COh Loader Operations 
(See Section 3.4) 
FFFh 
External. q00er 
STRB Active 
External 
STRB 
Active 
400000h 
7FFFFFh 7FFFFFh 
800000h 800000h \ 
Reserved Reserved 
(82K Words) (32K Words) 
807FFFh 807FFFh 
808000h 808000h 
Peripheral Bus Peripheral Bus 
Memory-Mapped Memory-Mapped 
Registers Registers 
8097FFh (6K Internal) 8097FEh (6K Internal) 
809800h 809800h 
RAM Block 0 RAM Block 0 
(1K Internal) (1K Internal) 
809BFFh 809BFFh 
809C00h 809C00h 
RAM Block 1 
(1K-64 Internal) 
RAM Block 1 EORaEae 
ismemal) User Program Interrupt 
and Trap Branches 
(64 Internal) 
809FFFh 809FFFh 
80A000h 80A000h 
. External FFFE000h External 
STRB Active Activa 
FFFFFFh FFFFFFh 


(a) Microprocessor Mode (b) Microcomputer/Boot Loader Mode 
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Boot 1-3 locations are used by the boot loader function. See Section 3.4 for 
a complete description. All reserved memory locations are described in 
Table 12-5 of Section 12.8. 


3.2.3 Reset/Interrupt/Trap Vector Map 


The addresses for the reset, interrupt, and trap vectors are Oh through 3Fh, as 
shown in Figure 3-9. The vectors stored in these locations are the addresses 
of the start of the respective reset, interrupt, and trap routines. For example, 
at reset, the contents of memory location Oh (the reset vector) are loaded into 
the PC and execution begins from that address. 


Traps 28 — 31 are reserved; do not use them. 
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Figure 3-9. Reset, Interrupt, and Trap Vector Locations 


O0Ch 
RESERVED 
1Fh 


20h TRAP 0 


3Bh TRAP 27 


3Ch TRAP 28 (Reserved) 
3Dh TRAP 29 (Reserved) 


3Eh TRAP 30 (Reserved) 


3Fh TRAP 31 (Reserved) 


Tt Reserved on TMS320C31 
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3.2.4 Peripheral Bus Map 


The memory-mapped peripheral registers are located starting at address 
808000h. The-peripheral bus memory map is shown in Figure 3—10. Each pe- 
ripheral occupies a 16-word region of the memory map. Locations 808010h 
through 80801Fh and locations 808070h through 8097FFh are reserved. 


Figure 3-10. Peripheral-Bus Memory Map 
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DMA Controller Registers 
(16) 
Reserved 
(16) 
( 


808000h 


80800Fh 
808010h 


80801Fh 
808020h 


Timer 0 Registers 
Timer 1 Registers 
16) 
Serial-Port 0 Registers 
(16) 


Serial-Port 1 Registerst 
(16) 


80802Fh 
808030h 


80803Fh 
808040h 


80804Fh 
808050h 


80805Fh 
808060h 


Primary and Expansion Port 
Registers (16) 


80806Fh 
808070h 


8097FFh 


t Reserved on TMS320C31 
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3.3 Instruction Cache 


A 64 x 32-bit instruction cache facilitates maximum system performance with 
minimal system cost by storing sections of code that can be fetched when re- 
peatedly accessing time-critical code. This reduces the number of off-chip ac- . 
cesses necessary and allows for code to be stored off-chip in slower, lower- 
cost memories. The cache also frees external buses from program fetches so 
they can be used by the DMA or other system elements. 


The cache can operate in a completely automatic fashion without the need for 
user intervention. Section 3.3.2 describes a form of the LRU (least recently 
used) cache update algorithm. 


3.3.1 Cache Architecture 


The instruction cache (see Figure 3-11) contains 64 32-bit words of RAM and 
is divided into two 32-word segments. Associated with each segmentis a 19-bit 
segment start address (SSA) register. For each word in the cache, there is a 
corresponding single bit: Present (P) flag. 


Figure 3-11. Instruction Cache Architecture 


Segment Start P 


Address Registers Flags Segment Words LRU 


Stack 
Most Recently Used 


I, ———SS 
: Segment Number 
SSA Register 0 | 0 | Segment Word 0 ? 
— 19 ne | Segment Word 1 Least Recently Used 
. : Segment Number 
Segment Word 30 
Segment Word 31 
le —— 32 + 
SSA Register 1 Eg Segment Word 0 
Segment Word 1 
Segment Word 30 
Segment Word 31 
When the CPU requests an instruction word from external memory, a check 


is made to determine if the word is already contained in the instruction cache. 
Figure 3-11 shows the partitioning of an instruction address as used by the 


Segment 0 


Segment 1 
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cache control algorithm. The19 most significant bits of the instruction address 
are used to select the segment, and the 5 least significant bits define the ad- 
dress of the instruction word within the pertinent segment. The 19 MSBs of the 
instruction address are compared with the two segment start address (SSA) 
registers. If a match is found, a check is made of the relevant P flag. The P 
flag indicates whether or not the word within a particular segment is already 
present in cache memory. 


Figure 3-12. Address Partitioning for Cache Control Algorithm 


23 54 0 
segment start address instruction word 
(SSA) address within segment 


If there is no match, one of the segments must be replaced by the new data. 
The segment replaced in this circumstance is determined by the LRU (least-re- 
cently-used) algorithm. The LRU stack (see Figure 3—11) is maintained for this 
purpose. 


The LRU stack determines which of the two segments qualifies as the least-re- 
cently-used after each access to the cache; therefore, the stack contains either 
0,1 or 1,0. Each time a segment is accessed, its segment number is removed 
from the LRU stack and pushed onto the top of the LRU stack. Therefore, the 
number at the top of the stack is the most recently used segment number, and 
the number at the bottom of the stack is the least recently used segment num- 
ber. 


Atsystem reset, the LRU stack is initialized with 0 at the top and 1 at the bottom. 
All P flags in the instruction cache are cleared. — 


When areplacement is necessary, the least recently used segment is selected 
for replacement. Also, the 32 P flags for the segment to be replaced are set 
to 0, and the segment’s SSA register is replaced with the 19 MSBs of the in- 
struction address. 


3.3.2 Cache Algorithm 
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When the TMS320C3x requests an instruction word from external memory, 
one of two possible actions occurs: a cache hit or a cache miss. These are de- 
scribed in the following list: 


C4 Cache Hit. The cache contains the requested instruction, and the follow- 
ing actions occur: . 


H The instruction word is read from the cache. 


m™ =The number of the segment containing the word is removed from the 
LRU stack and pushed to the top of the LRU stack, thus moving the 
other segment number to the bottom of the stack. 
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[i Cache Miss. The cache does not contain the instruction. Types of cache 
miss are 


E1 Word miss. The segment address register matches the instruction ad- 
dress, but the relevant P flag is not set. The following actions occur in 
parallel: 


a The instruction word is read from memory and copied into the 
cache. 


no The number of the segment containing the word is removed from 
the LRU stack and pushed to the top of the LRU stack, thus moving 
the other segment number to the bottom of the stack. 


a ©The relevant P flag is set. . 


— Segment miss. Neither of the segment addresses matches the in- 
struction address. The following actions occur in parallel: 


n @6©The least recently used segmentis selected for iepeeiient: The 
P flags for all 32 words are cleared. 


= The SSA register for the selected segment is loaded with the 19 
MSBs of the address of the requested instruction word. 


an = The instruction word is fetched and copied into the cache. It goes 
into the appropriate word of the least recently used segment. The 
P flag for that word is set to 1. 


a The number of the segment containing the instruction word is re- 
moved from the LRU stack and pushed to the top of the LRU stack, 
thus moving the other segment number to the bottom of the stack. 


Only instructions may be fetched from the program cache. All reads and writes 
of data in memory bypass the cache. Program fetches from internal memory 
do not modify the cache and do not generate cache hits or misses. The pro- 
gram cache is a single-access memory block. Dummy program fetches (i.e., 
following a branch) are treated by the cache as valid program fetches and can 
generate cache misses and cache updates. 


Take care when using self-modifying code. If an instruction resides in cache 
and the corresponding location in primary memory is modified, the copy of the 
instruction in cache is not modified. 


You can make more efficient use of the cache by aligning program code on 
32-word address boundaries. Do this by using the ALIGN directive when cod- 
ing assembly language. 
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3.3.3 Cache Control Bits 


Three cache control bits are located inthe CPU status register: the cache clear 
bit (CC), the cache enable bit (CE), and the cache freeze bit (CF). 


Cache Clear Bit (CC). Writing a 1 to the cache clear bit (CC) invalidates all 
entries in the cache. All P flags in the cache are cleared. The CC bit is 
always cleared after the cache is cleared. Itis therefore always read as 
a 0. At reset, the cache is cleared and 0 is written to this bit. 


Cache Enable Bit (CE). Writing a 1 to this bit enables the cache. When en- 
abled, the cache is used according to the previously described cache 
algorithm. Writing a 0 to the cache enable bit disables the cache; no 
updates or modification of the cache can be performed. Specifically, 
no SSA register updates are performed, no P flags are modified (un- 
less CC = 1), andthe LRU stack is not modified. Writing a 1 to CC when 
the cache is disabled clears the cache, and, thus, the P flags. No 
fetches are made from the cache when the cache is disabled. At reset, 
0 is written to this bit. 


Cache Freeze Bit (CF). When CF = 1, the cache is frozen. If, in addition, the 
cache is enabled, fetches from the cache are allowed, but no modifica- 
tion of the state of the cache is performed. Specifically, no SSA register 
updates are performed, no P flags are modified (unless CC = 1), and 
the LRU stack is not modified. This function can be used to keep fre- 
quently used code resident in the cache. Writing a 1 to CC when the 
cache is frozen clears the cache, and, thus, the P flags. At reset, 0 is 
written to this bit. 


Table 3-6 defines the effect of the CE and CF bits used in combination. 
Table 3-6. Combined Effect of the CE and CF Bits 


a ae 
[0 | 0 |acherotenabled 
[0 [+ [Cache not enabled 
[4 [0 [cache enabled and not rozen 
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3.4 Using the TMS320C31 Boot Loader 


This section describes how to use the TMS320C31 microcomputer/bootloader 


(MCBL/MP)function. This feature is unique to the TMS320C31 andis not avail- 
able on the TMS320C30 device. 


3.4.1. Boot Loader Operations 


The boot loader lets you load and execute programs that are received from a 
host processor, inexpensive EPROMs, or other standard memory devices. 
The programs to be loaded reside in one of three memory mapped areas identi- 
fied as Boot 1, Boot 2, and Boot 3 (see the shaded areas of Figure 3-8 ), or 
the programs are received by means of the serial port. 


User-definable byte, half-word, and word data formats are supported. 32-bit 
fixed burst loads from the TMS320C31 serial port are also supported. See Sec- 
tion 8.2 for a detailed description of the serial port operation. 


3.4.2. Invoking the Boot Loader 


The boot loader function is selected by resetting the processor while driving 
the MCBL/MP pin high. Figure 3-13 shows the flow of this operation, which is 
dependent upon the mode selected (external memory or serial boot). 
Figure 3-14 shows memory load operations; Figure 3-15 shows Serial port 
load operations. 


Figure 3-13. Boot Loader Mode Selection Flowchart 


Reset 
MCBL/MP = 1 


Memory Load 
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Figure 3-14, Boot Loader Memory Load Flowchart 


Branch to Address 
Boot 1, 
Boot 2, or 
Boot 3 


Determine Mode 
8, 16, or 32? 


Set Memory 


Configuration 
Control Word 


Load Block Size 
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Load Block Size 
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Address of First 
Block Loaded 


Begin Program Execution 
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Figure 3-15. Boot Loader Serial Port Load Mode Flowchart 


Set up Serial Port 
for 32-bit 
Fixed Burst Mode 


Wait for Serial 
Port Input 


Load Block Size 
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Wait for Serial , 
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3.4.3 Mode Selection 


; _ Using the TMS320C31 Boot Loader 


sant 


Yes 


Blk Size = 0? 


Wait for Serial 
Port Input 


Transfer Data from 
Serial Port to 
Destination Address 


Bik Size -1 


Wait for Serial 
Port Input 


Load Block Size 


Branch to Destination 
Address of First 
Block Loaded 


Begin Program Execution 


After reset, the loader mode is determined by polling the status of the INT3— 
INTO pins. Table 3-7 lists the options that you can select. The options are 
based upon the active low state of the INT3—INTO signals. The TMS320C31 
device begins reading data from the boot memory location selected by the ac- 
tive interrupt signal. Interrupts can be driven any time after the RESET pin has 


been deasserted. 
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Table 3-7. Loader Mode Selection 


Active Interrupt Loader Mode Memory Addresses 
INTO External memory Boot 1 address 0x001000 
INTI 


INT2 External memory Boot 3 address OxFFFO00 


1 External memory Boot 2 address 0x400000 
3 32-bit serial Serial port 0 


3.4.4 External Memory Loading 


Table 3-8 shows and describes the information that you must specify to define 
boot memory organization (8, 16, or 32 bits), the code block size, the load desti- 


nation address, and memory access timing control for the boot memory. This 


must be done before a source program can be externally loaded. 


This information must be specified in the first four locations of the Boot 1, Boot 
2, or Boot 3 areas. The header is followed by the data or program code that 
is the BLK size in length. 


Table 3-8. External Memory Loader Header 


Description Valid Data Entries 


Program block size (BLK) Any value 0 < BLK < 224 


Boot memory type (8, 16, or 32) 0x8, 0x10, or 0x20 specified as a 32-bit number. 
Boot memory configuration See Chapter 7 of the TMS320C3x User's Guide 
(defined # of wait states, etc.) for valid bus control register entries. 

Destination address Any valid TMS320C31 24-bit address. 


Program code starts here Any 32-bit data value or valid TMS320C3x in- 
struction. 


The loader fetches 32 bits of data for each specified location, regardless of 
what memory configuration width is specified. The data values must reside 
within or be written to memory, beginning with the value of least significance 
for each 32 bits of information. 


3.4.5 Examples of External Memory Loads 
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Example 3-1, Example 3-2, and Example 3-3 show memory images for 
byte-wide, 16-bit wide, and 32-bit wide configured memory. 


These examples assume that 


1) an INTO signal was detected after reset is deasserted (external memory 
load from Boot 1). 


2) the loader header resides at memory location 0x1000 and defines the fol- 
lowing: 


CPU Registers, Memory, and Cache 


a) boot memory type EPROMs that require two wait states and SWW = 
11, 


b) aloader destination address at the beginning of the TMS320C31’s in- 
ternal RAM Block 0, and 


c) asingle block of memory that is Ox1FF in length. 


Example 3-1. Byte-Wide Contigured Memory , 


Memory width = 8 bits 
[oxaooa | 0x00 | 
| oxto08 | 0x00 _| 
[—oxto0G | 0x00 


Example 3-2. 16-Bit Wide Configured Memory 


Memory type = SWW = 11, WCNT = 2 


Program code size = Ox1FF 


Program load starting address = 0x809800 


0x1000 Memory width = 16 


Program code size = 0x1 FF 
a 
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Example 3-3. 32-Bit Wide Configured Memory 


0x1000 0x00000020 Memory width = 32 


0x1001 0x00001058 Memory type = SWW = 11, WCNT = 2 
0x1002 0x000001FF Program code size = 0x1FF 
0x1003 0x00809800 Program load starting address = 0x809800 


After the header is read, the loader transfers BLK, 32-bit words beginning at 
a specified destination address. Code blocks require the same byte and half- 
word ordering conventions. Additionally, the loader can be used to load multi- 
ple code blocks at different address destinations. 


If multiple code blocks are loaded, execution begins at the first block of code 
loaded. Consequently, the first code block loaded should be a startup routine 
to access the other loaded programs. 


If another code block is to be loaded, the following header and its correspond- 
ing code must be appended to the preceding code block: 


BLK size lst location 
Destination address 2nd location 


Repeat this procedure for additional code blocks. End the loader function and 
begin execution of the first code block by appending the value of Ox00000000 
to the last block. 


3.4.6 Serial Port Loading 


Boot loads, by way of the TMS320C31 serial port, are selected by driving the 
INT3 pin active low following reset. The loader automatically configures the se- 
rial port for 32-bit fixed burst reads. It is interrupt-driven by the FSR signal. You 
cannot change this mode for boot loads. The serial port clock and FSR are ex- 
ternally generated by your hardware. 


As in parallel loading, a header must precede the actual program to be loaded. 
However, only the block size and destination address must be provided be- 
cause serial port speed and data format are predefined by the loader and your 
hardware (i.e., skip data words 0 and 1 from Table 3-8). 
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The transferred data-bit order must begin with the most significant bit (MSB) 
and end with the least significant bit (LSB). | 


interrupt and Trap Vector Mapping 


Unlike the microprocessor mode, the microcomputer/boot loader (MCBL) 
mode uses a dual-vectoring scheme to service interrupt and trap requests. 
Dual vectoring was implemented to ensure code compatibility with future ver- 
sions of TMS320C3x devices. 


In a dual-vectoring scheme, branch instructions to an address, rather than di- 
rect interrupt vectoring, are used. The normal interrupt and trap vectors are de- 
fined to vector to the last 63 locations in the on-chip RAM. When the loader is 
invoked, the TMS320C31’s last 63 locations of RAM Block 1 are assumed to 
contain interrupt and trap branch instructions. 


Table 3-9 shows the MCBL/MP mode interrupt and trap instruction memory 
maps. 
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809FE0O TRAPO 
809FE1 TRAP1 


809FFB TRAP27 
809FFC-809F FF 
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Chapter 4 


Data Formats and Floating-Point Operation 


~ In the TMS320C3x architecture, data is organized into three fundamental 
types: integer, unsigned-integer, and floating-point. Note that the terms, inte- 
ger and signed-integer, are considered to be equivalent. The TMS320C 3x sup- 
ports short and single-precision formats for signed and unsigned integers. It 
also supports short, single-precision and extended-precision formats for float- 
ing-point data. 


Floating-point operations make fast, trouble-free, accurate, and precise com- 
putations. Specifically, the TMS320C3x implementation of floating-point arith- 
metic facilitates floating-point operations at integer speeds while preventing 
problems with overflow, operand alignment, and other burdensome tasks com- 
mon in integer operations. 


This chapter discusses in detail the data formats and floating-point operations 
supported on the TMS320C3x. Major topics in this section are as follows: 


Integer Formats (Section 4.1 on page 4-2) 

Unsigned-Integer Formats (Section 4.2 on page 4-3) 
Floating-Point Formats (Section 4.3 on page 4-4) 

Floating-Point Multiplication (Section 4.4 on page 4-10) 
Floating-Point Addition and Subtraction (Section 4.5 on page 4-14 ) 
Normalization (Section 4.6 on page 4-18) 

Rounding (Section 4.7 on page 4-20 ) 


Floating-Point to Integer Conversions (Section 4.8 on page 4-22) 


ooodeoontoved) ds 


Integer to Floating-Point Conversions (Section 4.9 on page 4-24) 
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4.1. Integer Formats 


The TMS320C3x supports two integer formats: a 16-bit short integer format 
and a 32-bit single-precision integer format. When extended-precision regis- 
ters are used as integer operands, only bits 31— 0 are used; bits 39 — 32 re- 
main unchanged and unused. . 


4.1.1 Short Integer Format 


The short integer format is a 16-bit twos-complement integer format used for 
immediate integer operands. For those instructions that assume integer oper- 
ands, this format is sign-extended to 32 bits (see Figure 4—1). The range of an 
integer si, represented in the short integer format, is -215 < si< 215 —1. In 
Figure 4—1, s = signed bit. 


Figure 4-1. Short Integer Format and Sign Extension of Short Integer 


15 0 


(a) Short Integer Format 


31 one 16 15 


(b) Sign Extension of a Short Integer 


oO 


4.1.2 Single-Precision Integer Format 


In the single-precision integer format, the integer is represented in twos-com- 
‘plement notation. The range of an integer sp, represented in the single-preci- 
sion integer format, is — 231 < sp< 231 —1. Figure 4-2 shows the single-preci- 
sion integer format. . 


Figure 4-2. Single-Precision Integer Format 


aw 
mre 
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4.2 Unsigned-Integer Formats 


Two unsigned-integer formats are supported on the TMS320C3x: a 16-bit 
short format and a 32-bit single-precision format. In extended-precision regis- 
ters, the unsigned-integer operands use only bits 31— 0; bits 39 — 32 remain 
unchanged. 

4.2.1. Short Unsigned-Integer Format 


Figure 4—3 shows the16-bit, short, unsigned-integer format used for immedi- 
ate unsigned-integer operands. For those instructions that assume 
unsigned-integer operands, this format is zero-filled to 32 bits. In Figure 4-3 
below, x = MSB (1 or 0). 


Figure 4-3. Short Unsigned-Integer Format and Zero Fill 


15 0 


(a) Short Unsigned-Integer Format 


31 16 15 0 


(b) Zero Fill of a Short Unsigned Integer 


4.2.2 Single-Precision Unsigned-Integer Format 


In the single-precision unsigned- integer format, the number is represented as 
a 32-bit value, as shown in Figure 4—4. 


Figure 4-4. Single-Precision Unsigned-Integer Format 
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4.3 Floating-Point Formats 


All TMS320C3x floating-point formats consist of three fields: an exponent field 
(e), asingle-bit sign field (s), and a fraction field (f). These are stored as shown 
in Figure 4-5. The exponent field is a twos-complement number. The sign field 
and fraction field may be considered as one unit and referred to as the mantissa 
field (man). The twos-complement fraction is combined with the sign bit and 
the implied most significant bit to create the mantissa. The mantissa is used 
to represent a normalized twos-complement number. In a normalized repre- 
sentation, a most significant nonsign bit is implied, thus providing an additional 
bit of precision. The value of a floating-point number xas a function of the fields 
e, Ss, and fis given as 


X= 01.fx 2e if s = 0, or where the leading zero is the sign bit and the 
one is the implied most significant nonsign bit. 
10.fx 2 if s= 1, or where the leading one is the sign bit and the 
zero is the implied most significant nonsign bit. 
0 if e = most negative twos complement 


value of the specified exponent field width. 


Figure 4-5. Generic Floating-Point Format 


a a 
a man (mantissa) eee 


e = exponent field 
S = single-bit sign field 
f = fraction field 


Three floating-point formats are supported on the TMS320C3x. The first is a 
short floating-point format for immediate floating-point operands, consisting of 
a 4-bit exponent, 1 sign bit, and an 11-bit fraction. The second is a single-preci- 
sion format consisting of an 8-bit exponent, 1 sign bit, and a 23-bit fraction. The 
third is an extended-precision format consisting of an 8-bit exponent, 1 sign bit, 
and a 31-bit fraction. 


4.3.1. Short Floating-Point Format 
In the short floating-point format, floating-point numbers are represented by a 


twos-complement 4-bit exponent field (e) and a twos-complement 12-bit man- 
tissa field (man) with an implied most significant nonsign bit. 
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Figure 4-6. Short Floating-Point Format 
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Operations are performed with an implied binary point between bits 11 and 10. 
When the implied most significant nonsign bit is made explicit, it is located to 
the immediate left of the binary point. The floating-point twos-complement 
number x in the short floating-point format is given by 
x= 01.fx 28 ifs=0 

10.fx 2¢ ifs=1 

0 ife=—-8 


You must use the following reserved values to represent zero in the short float- 
ing-point format: 

e=-—8 

s=0 

f=0 


The following examples illustrate the range and precision of the short float- 
ing-point format: 


Most Positive: X= (2-27-11) x 27 = 2.5594 x 102 
Least Positive: X=1x2-7=7.8125 x10-3 

Least Negative: X=(-1— 2-11) x2-7 = -7.8163 x10-3 
Most Negative: =—2 x 2/=—2.5600x 102 
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4.3.2 Single-Precision Floating-Point Format 


In the single-precision format, the floating-point number is represented by an 
8-bit exponent field (e) and atwos-complement 24-bit mantissa field (man) with 
an implied most significant nonsign bit. 


Operations are performed with an implied binary point between bits 23 and 22. 
When the implied most significant nonsign bit is made explicit, it is located to 
the immediate left of the binary point. The floating-point number x is given by 


x= 01.fx 2° ifs=0 
10.fx 2¢ ifs=1 
0 ife=—128 - 


Figure 4-7. Single-Precision Floating-Point Format 


31 24 | 23 | 22 0 


You must use the following reserved values to represent zero in the single-pre- 
cision floating-point format: 


e=-128 
s=0 
f=0 


The following examples illustrate the range and precision of the single-preci- 
sion floating-point format. 


Most Positive: X= (2—2 23) x 2127 = 3.4028234 x1038 
Least Positive: X= 1x2-127 ~ 58774717 x10 -39 
Least Negative: X= (-1-2 —23) x2 -127 5— 5.8774724x10-39 


Most Negative: X=—2x2127=— 3.4028236x1098 


4.3.3. Extended-Precision Floating-Point Format 
In the extended-precision format, the floating-point number is represented by 


an 8-bit exponent field (e) and a.32-bit mantissa field (man) with an implied 
most significant nonsign bit. 
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Operations are performed with an implied binary point between bits 31 and 30. 
When the implied most significant nonsign bit is made explicit, it is located to. 
the immediate left of the binary point. The floating-point number xis given by: 


X= 01.fx 28 ifs=0 
10.fx 2° ifs=1 
0 if e=—128 


Figure 4-8. Extended-Precision Floating-Point Format 


39 32| 31 | 20 0 


You must use the following reserved values to represent zero in the exten- 
ded-precision floating-point format: 


e=-128 
s=0 
f=0 


The following examples illustrate the range and precision of the extended-pre- 
cision floating-point format: 


Most Positive: X = (2—2-31)x 2127 — 3,4028236683 x1038 

Least Positive: X=1x2-127 = 5,8774717541 x10 —99 

Least Negative: X= (—1-2 -31) x2 -127 =— 5.8774717569 x10 —39 
_ Most Negative: X=— 2x 2127 .~— 3.4028236691 x 1098 
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4.3.4 Conversion Between Floating-Point Formats 


Floating-point operations assume several different formats for inputs and out- 
puts. These formats often require conversion from one floating-point format to 
another (e.g., short floating-point format to extended-precision floating-point 
format). Format conversions occur automatically in hardware, with no over- 
head, as a part of the floating-point operations. Examples of the four conver- 
sions are shown below. When a floating-point format zero is converted to a 
greater-precision format, itis always converted to a valid representation of zero 
in that format. In the below figures, s = sign bit of the exponent. 


Cy Short floating-point format conversion to single-precision floating- 
point format. 


12 Fi 


eri 2 


(a) Short Floating-Point Format 


24 Ea 22 12 11 


(b) Single-Precision Floating-Point Format 


In this format, the exponent field is sign-extended and the fraction field filled 
with zeros. 


Ci ~=Short floating-point format conversion to extended-precision float- 
ing-point format. 


12 11 


(a) Short Floating-Point Format 
32 «(31 20 19 


) Extended-Precision Floating-Point Format. 


The exponent field in this format is sign-extended and the fraction field filled 
with zeros. 
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: Floating-Point Formats 
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La Single-precision floating-point format conversion to extended-pre- 
cision floating-point format. 


31 24 23 22 0 


(a)Single-Precision Floating-Point Format 


39 32 31 30 aed 0 
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(b) Extended-Precision Floating-Point Format 


The fraction field is filled with zeros. 


Gi Extended-precision floating-point format conversion to single-pre- 
cision floating-point format. 


39 32 31 30 8 7 0 


(a) Extended-Precision Floating-Point Format 


31 24 23 22 © 0 


(b) Single-Precision Floating-Point Format 


The fraction field is truncated. 
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4.4 Floating-Point Multiplication 


A floating-point number a can be written in floating-point format as in the follow- 
ing formula, where o(man) is the mantissa and a(exp) is the exponent. 


a = o(man) x 20( exp) 


The product of a and b is c, defined as 
c= a xb = a(man) x b(man) x 2(e(exp)+b (exp)) 


c(man) = a(man) x b(man) 
c(exp) = a(exp) + b(exp) 


During floating-point multiplication, source operands are always assumed to 
be in the single-precision floating-point format. If the source of the operands 
is in short floating-point format, it is extended to the single-precision float- 
ing-point format. If the source of the operands is in extended-precision float- 
ing-point format, it is truncated to single-precision format. These conversions 
occur automatically in hardware with no overhead. All results of floating-point 
multiplications are in the extended-precision format. These multiplications oc- 
cur in a single cycle. 


A flowchart for floating-point multiplication is shown in Figure 4—9. In step 1, 
the 24-bit source operand mantissas are multiplied, producing a 50-bit result 
c(man). (Note that input and output data are always represented as normalized 
numbers.) In step 2, the exponents are added, yielding c(exp). Steps 3 through 
6 check for special cases. Step 3 checks for whether c(man) in extended-preci- 
sion format is equal to zero. If c(man) is zero, step 7 sets c(exp) to —128, thus 
yielding the representation for zero. . 


Steps 4 and 5 normalize the result. If a right shift of one is necessary, then in 
step 8, c(man) is right-shifted one bit, and one is added to c(exp). If a right shift 
of two is necessary, then in step 9, c(man) is right-shifted two bits, and two is 
added to c(exp). Step 6 occurs when the result is normalized. 


In step 10, c(man) is set in the extended-precision floating-point format. Steps 
11 through 16 check for special cases of c(exp). In step 14, if c(exp) has over- 
flowed (step 11) in the positive direction, then c(exp) is set to the most-positive © 
extended-precision format value. If c(exp) has overflowed in the negative di- 
rection, then c(exp) is set to the most-negative extended-precision format val- 
ue. If c(exp) has underflowed (step 12), then c is set to zero (step 15); i.e., 
c(man) = 0 and c(exp) = -128. 
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Figure 4-9. Flowchart for Floating-Point Multiplication 


o(man) b(man) a(exp) b(exp) 
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Multiply mantissas Add exponents 


c(man) = a(man) x b(man) 


(50-bit result) c(exp) = a(exp) + b(exp) 


Test for special cases of c(man) 


(3) (4) (5) (6) 
c(man) =0 Right- shift 1 Right- shift2 No shift 
to normalize to normalize to normalize 


c(man) >> 1 
and c(exp) = 
c(exp) +1 


c(man) > > 2 
and c(exp) = 
_C(exp) + 2 


% " ay 
Dispose of extra bits (10) 


Put c(man) in extended 
precision floating-point 
format 


Test for special cases of c(exp) 


(12) 
c(exp) underflow 


(11) 


(13) 
c(exp) overflow 


c(exp) in range 


‘If c(man) > 0, c(exp) = -128 
set c to most c(man) = 0 
positive value. 

If c(man) < 0, 
set c to most 
negative value. 


Set c to final result (16) 


c=axb 
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The following examples illustrate how floating-point multiplication is performed 
onthe TMS320C3x. For these examples, the implied most significant nonsign 
bit is made explicit. 

Example 4-1. Floating-Point Multiply (Both Mantissas = -2.0) 


Let 


= ~2.0 x 20(e€xP) = 10.00000000000000000000000 x 20(exP) 
b =—2.0 x 2b(exp) = 10.00000000000000000000000 x 2b(ex~p) 


where a and b are both represented in binary form according to the normalized 
single-precision floating-point format. Then 


10.00000000000000000000000 x 2%(exP) 
x 10.00000000000000000000000 x 2b(exp) 


0100.0000000000000000000000000000000000000000000000 x 2 (a(exp) +b(exp)) 


To place this number in the proper normalized format, it is necessary to shift 
the mantissa two places to the right and add two to the exponent. This yields 


10.00000000000000000000000 x 2a exp) 
x 10.00000000000000000000000 x 2b(exP) 


01.0000000000000000000000000000000000000000000000 x 2(«(exp) +b(exp) +2) 
In floating-point multiplication, the exponent of the result may overflow. This 


can occur when the exponents are initially added or when the exponent is mo- 
dified during normalization. 


Example 4-2. Floating-Point Multiply (Both Mantissas = 1.5) 
Let 


a= 1.5 x 2a(exp) = 01.10000000000000000000000 x 2@(exp) 
b = 1.5 x 2(exp) = 01.10000000000000000000000 x 2b(ex~p) 


where a and b are both represented in binary form according to the single-pre- 
cision floating-point format. Then 


01.10000000000000000000000 x 2a(exp) 
x 01.10000000000000000000000 x 2b(exp) 


0010.0100000000000000000000000000000000000000000000 x 2 (cel exp) +b(exp)) 
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To place this number in the proper normalized format, it is necessary to shift 
the mantissa one place to the right and add one to the exponent. This yields 


01.10000000000000000000000 x 2(exP) 
x 01.10000000000000000000000 x 2b(exp) 


01.00100000000000000000000000000000000000000000000 x 2 («( exp) +b(exp) +1) 


Example 4-3. Floating-Point Multiply (Both Mantissas = 1.0) 
Let 


o. = 1.0 x 20(€xp) = 01.00000000000000000000000 x 2«(ex~p) 
b = 1.0 x 2b(exp) = 01.00000000000000000000000 x 26( exp) 


where a and b are both represented in binary form according to the single-pre- 
cision floating-point format. Then 


01.00000000000000000000000 x 2%(exP) 
x 01.00000000000000000000000 x 2b(expP) 


0001 .0000000000000000000000000000000000000000000000 x 2 (=(exp) +b(exp)) 


This number is in the proper normalized format. Therefore, no shift of the man- 
tissa or modification of the exponent is necessary. 


These examples have shown cases where the product of two normalized num- 
bers can be normalized with a shift of zero, one, or two. For all normalized in- 
puts with the floating-point format used by the TMS320C3x, a normalized re- 
sult can be produced by a shift of zero, one, or two. 
Example 4-4. Floating-Point Multiply Between Positive and Negative Numbers 
| Let 


a = 1.0 x 2(€xP) = 01.00000000000000000000000 x 2«(ex~p) 
b = —2.0 x 2b(exp) = 10.00000000000000000000000 x 2( exp) 


Then 


01.00000000000000000000000 =x 2«(exP) 
x 10.00000000000000000000000 x 2b(exp) 


1110.0000000000000000000000000000000000000000000000 x 2 («(exp) +b(exp)) 


The result is C=— 2.0 x 2(«(exp) + b(exp)) 


Example 4-5. Floating-Point Multiply by Zero 


All multiplications bya floating-point zero yield a result of zero (f=0, s=0, and 
exp = —128). 
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4.5 Floating-Point Addition and Subtraction 


In floating-point addition and subtraction, two floating-point numbers @ and b 
can be defined as 


o = a(man) x 2 «(exp) 
b = b(man) x 2 b(exp) 


The sum (or difference) of « and b can be defined as 
c=atb 
= (o(man) + (b(man) x 2 —(a(exp)—b(exp)))) x 2 a(exp), 


if a(exp) 2 b( exp) 


= ((a(man) x 2 —(b(exp)—«(exp))) + b(man)) x 2 6(exp), 
if a(exp) < b(exp) 


The flowchart for floating-point addition is shown in Figure 4—10. Since this 
flowchart assumes signed data, itis also appropriate for floating-point subtrac- 
tion. In this figure, itis assumed that o.(exp) < b(exp). In step 1, the source expo- 
nents are compared, and c(exp) is set equal to the largest of the two source 
exponents. In step 2, dis set to the difference of the two exponents. In step 3, 
the mantissa with the smallest exponent, in this case o(man), is right-shifted 

d bits in order to align the mantissas. After the mantissas have been aligned, 
_ they are added (step 4). 


Steps 5 through 7 check for a special case of c(man). If c(man) is zero (step 
5), then c(exp) is set to its most negative value (step 8) to yield the correct re- 
presentation of zero. If c(man) has overflowed c (step 6), then in step 9, c(man) 
is right-shifted one bit, and one is added to c(exp). In step 10, the result is nor- 
malized. In steps 11 and 12, special cases of c(exp) are tested. If c(exp) has 
overflowed, then c is set to the most positive extended-precision value if it is 
positive; otherwise, it is set to the most negative extended-precision value. 
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Figure 4-10. Flowchart for Floating-Point Addition 


a(man) b(man) a(exp) b(exp) 


If (exp) < = b(exp) 
c(exp) = b( exp) 
else 
c(exp) = a(exp) 
[Assume for simplicity 
that a(exp) < < = b(exp)] 


Align mantissas 


a(man) = a(man) >>d 


Discard LSBs to keep 
(man) in 
extended-precision 
floating-point format 


Subtract exponents — 
d = b(exp) — a(exp) 


% 
Add mantissas 


c (man) = a(man) + b(man) 


(6) (7) 

k = # leading 
c(man) = 0 Overflow of c(man) non-significant 
sign bits 


c(man) = c(man) > > 1 
c(exp) = c(exp) + 1 
Discard LSBs to keep in 
extended-precision 
floating-point format 


c(exp) = -128 


c(exp) = c(exp)— k 


¥ Yy j 
Test for special cases of c( exp) 


(11) (12) (13) 
c(exp) overflow ‘ c(exp) underflow c(exp) in range 


If c(man) > 0, 


(14) et ' set c to zero 
Pe ‘ive ech c(exp) = -128 
positive value. c(man) = 0 


If c(man) < 0, 
set cto most 
negative value. 


16 


Set c to final result 


c=a+b 
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Floating-Point Addition and Subtraction 


The following examples describe the floating-point addition and subtraction 
operations. It is assumed that the data is in the extended-precision 
floating-point format. 


Example 4-6. Floating-Point Addition 


In the case of two normalized numbers to be summed, let 


a = 1.5 = 01.1000000000000000000000000000000 x 2° 
b = 0.5 = 01.0000000000000000000000000000000 x 2-1 


It is necessary to shift b to the right by one so that o. and b have the same expo- 
nent. This yields 


b = 0.5 = 00.1000000000000000000000000000000 x 29 
Then 


01.10000000000000000000000000000000 x 29 
+ 00.10000000000000000000000000000000 x 20 


010.00000000000000000000000000000000 x 20 


As inthe case of multiplication, itis necessary to shift the binary point one place 
to the left and to add one to the exponent. This yields 


01.1000000000000000000000000000000 x 2° 
+ 00.1000000000000000000000000000000 x 2° 


01.0000000000000000000000000000000 x 21 


Example 4-7. Floating-Point Subtraction 
A subtraction is performed in this example. Let 


a. = 01.0000000000000000000000000000001 x 20 
b =01.0000000000000000000000000000000 x 2° 


The operation to be performed is a —b. The mantissas are already aligned be- 
cause the two numbers have the same exponent. The resultis alarge cancella- 
tion of the upper bits, as shown below. 


01.0000000000000000000000000000001 x 22 
— 01.0000000000000000000000000000000 x 29 


00.0000000000000000000000000000001 x 2° 
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Floating-Point Addition and Subtraction 


The result must be normalized. In this case, a left-shift of 31 is required. The 
exponent of the result is modified accordingly. The result is 


01.0000000000000000000000000000001 x 20 
~—_01.0000000000000000000000000000000 x 20 


01.0000000000000000000000000000000 x 2-31 


Example 4-8. Floating-Point Addition With a 32-Bit Shift 


This example illustrates a situation where a full 32-bit shift is necessary to nor- 
malize the result. Let 


Oe = 01.1191111111111111111111111111111 x 2127 
b = 10.0000000000000000000000000000000 x 2127 


The operation to be performed is a + b. 


O4.4119111111111111111111111111111 x 2127 
+ 10.0000000000000000000000000000000 x 2127 
14.9119111111111111111111111111111 x 2127 


Normalizing the result requires a left-shift of 32 and a subtraction of 32 from 
the exponent. The result is 


O1.44111714111111111111111111111111 x 2127 
+ 10.0000000000000000000000000000000 x 2127 
10.0000000000000000000000000000000 x 295 

Example 4-9. Floating-Point Addition/Subtraction and Zero 


_ When floating-point addition and subtraction are performed with a float- 
ing-point 0, the following identities are satisfied: 


a+0=a(a+0) 
0+0=0 


0-a=- a (a #0) 
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4.6 Normalization Using the NORM Instruction 


Figure 4-11. 
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The NORM instruction normalizes an extended-precision floating-point num- 
ber that is assumed to be unnormalized. Since the number is assumed to be 
unnormalized, no implied most significant nonsign bit is assumed. The NORM 
instruction executes the following three steps: 


1) Locates the most significant nonsign bit of the floating-point number. 
2) Left-shifts to normalize the number. 
3) Adjusts the exponent. 


Given the extended-precision floating-point value a to be normalized, the nor- 
malization, norm (), is performed as shown in Figure 4—11. 


Flowchart for NORM Instruction Operation 


Test for special cases of c (man) 


(2). 
(1) Leading non-significant 
a (man) = 0 sign bits 


k =# leading 
nonsignificant 
sign bits 


c(exp) = -128 . ‘ 
Sign-extended o.(man) 1 bit 
c (man) = a(man) <<k 
Cc (exp) = a(exp)—k 


Remove most significant nonsign bit (5) 


Test for special cases of c (exp) 


(6) (7) 
~  c (exp) c(exp) in 
underflow rande 


c (exp) = -128 
No change to c (man) 


Set c to final result - 


(9) 


c =norm(c) 
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Example 4-10. NORM Instruction 


Assume that an extended-precision register contains the value 
man = 00000000000000000001000000000001, exp = 0 


When the normalization is performed on a number assumed to be unnormal- 
ized, the binary point is assumed to be 

man = 0.0000000000000000001000000000001, exp = 0 
This number is then sign-extended one bit so that the mantissa contains 33 
bits. 

man = 00.0000000000000000001 000000000001, exp = 0 
The intermediate result after the most significant nonsign bit is located and the 
shift performed is: 


man = 01.0000000000010000000000000000000, exp=—19 


The final 32-bit value output after removing the redundant bit is: 
man = 00000000000010000000000000000000, exp = -19 


The NORM instruction is useful for counting the number of leading zeros or 
leading ones in a 32-bit field. If the exponent is initially zero, the absolute value 
of the final value of the exponent is the number of leading ones or zeros. This 
instruction is also useful for manipulating unnormalized floating-point num- 
bers. 
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4.7 Rounding: The RND Instruction 


The RND instruction rounds a number from the extended-precision float- 
ing-point format to the single-precision floating-point format. Rounding is simi- 
lar to floating-point addition. Given the number a to be rounded, the following 
operation is performed first. 


c = o(man) x 2%(€Xp) + (1 x 2a(exp)—24) 


Next, a conversion from extended-precision floating-point to single-precision 
floating-point formatis performed. Given the extended-precision floating-point 
value, the rounding, rnd( ), is performed as shown in Figure 4—12. 
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Add a(man) and 1/2 anLSB sf. 


c (man) = a (man) + 2-24 


- Test for special cases of c(man) 


c (man) =0 Overflowofc (man) No special case 


| 
Test for special cases of c (exp) 


Cc (exp) overflow C (exp) in range 


lfc (man) > 0, 
‘set c to most positive 
single-precision value. 
Ifc (man) <0, 

_ setc to most negative 
single-precision value. 


uy vy iY uf 
Set 8 LSBs of c(man) to zero 
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4.8 Floating-Point to Integer Conversion 
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Floating-point to integer conversion, using the FIX instructions, allows exten- 
ded-precision floating-point numbers to be converted to single-precision inte- 
gers in a single cycle. The floating-point to integer conversion of the value x 
is referred to here as fix(x). The conversion does not overflow if a, the number 
to be converted, is in the range 


~2381<q< 231-14 
First, you must be certain that 
a(exp) < 30 


lf these bounds are not met, an overflow occurs. If an overflow occurs in the 
positive direction, the output is the most positive integer. If an overflow occurs 
in the negative direction, the output is the most negative integer. If a(exp) is 
within the valid range, then (man), with implied bit included, is sign-extended 
and right-shifted (rs) by the amount 


rs = 31 — a(exp) 


This right-shift (rs) shifts out those bits corresponding to the fractional part of 
the mantissa. For example: 

If O <x <1, then fix(x) = 0. 

lf -1 <x <0, then fix(x) =—1. 


The flowchart for the floating-point to integer conversion is shown in 
Figure 4-13. 
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Figure 4-13. 


Flowchart for Floating-Point to Integer Conversion by FIX Instructions 


a 


Test for special cases of a(exp) 


a(exp) in range 
rs = 31 — a(exp) 


a(exp) > 30 


c=a(man) >>Trs 


If a(man) > 0, 
c = most positive integer. 

lf a(man) <0, 

c = most negative integer. 


Set c to final result 


c = fix(a) 
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4.9 Integer to Floating-Point Conversion Using the FLOAT Instruction 
Integer to floating-point conversion, using the FLOAT instruction, allows sing- 
le-precision integers to be converted to extended-precision floating-point num- 
bers. The flowchart for this conversion is shown in Figure 4—14. 


Figure 4-14. Flowchart for Integer to Floating-Point Conversion by FLOAT Instructions 


a 


c (man) =o 
Cc (exp) = 30 


Test for special cases of c (man) 


Leading nonsignificant 


c (man) =0 sign bits. 


k = # leading 
nonsignificant 
sign bits 


c (man) =c (man) <<k 
Cc (exp) = 30-k 


c (exp) = -128 


Remove most significant nonsign bit 


Set c to final result 


c = float (a) 
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1 5 Addressing 


Chapter 5 


Addressing 


The TMS320C3x supports five groups of powerful addressing modes. Six 
types of addressing may be used within the groups, which allow access of data 
from memory, registers, and the instruction word. This chapter details the oper- 
ation, encoding, and implementation of the addressing modes. It also dis- 
cusses the management of system stacks, queues, and deques in memory. 
These are the major topics in this chapter: 


Gh Types of Addressing (Section 5.1 on page 5-2) 


Ei Register 

BH Direct 

Hi Indirect 

H Short-immediate 
# = Long-immediate 


PC-relative 


Li Groups of Addressing Modes (Section 5.2 on page 5-19) 
General addressing modes 

Three-operand addressing modes 

Parallel addressing modes 


Long-immediate addressing mode 


Conditional-branch addressing modes 


i! 


Circular Addressing (Section 5.3 on page 5-24) 


L! 


Bit-Reversed Addressing (Section 5.4 on page 5-29) 
Ci ~=System Stack Management (Section 5.5 on page 5-30) 
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Types of Addressing 


5.1 
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Types of Addressing 


Six types of addressing allow access of data from memory, registers, and the 
instruction word: 


Register 

Direct 

Indirect 
Short-immediate 
Long-immediate 


PC-relative 


Some types of addressing are appropriate for some instructions and not oth- 
ers. For this reason, the types of addressing are used in the five different 
groups of addressing modes as follows: 


a 


General addressing modes (G): 


& Register 
m@ Direct 
Indirect 


& -Short-immediate 


Three-operand addressing modes (T): 

@ Register 

@ Indirect 

Parallel addressing modes (P): 

BH Register 

Hi Indirect 

Long-immediate addressing mode 

™@ Long-immediate 

Conditional-branch addressing modes (B): 
@ Register | 


H PC-relative 


The six types of addressing are discussed first, followed by the five groups of 
addressing modes. 


Addressing 


5.1.1 Register Addressing 


In register addressing, a CPU register contains the operand, as shown in this 


example: 


ABSF Rl 7; RL = {R11 


The syntax for the CPU registers, the assembler syntax, and the assigned 


function for those registers are listed in Table 5-1. 


Table 5-1. CPU Register/Assembler Syntax and Function 


CPU Register Assembler _ Assigned 
Address Syntax Function 


Extended-precision register 


_ Extended-precision register 


Extended-precision register 
Extended-precision register 
Extended-precision register 
Extended-precision register 
Extended-precision register 
Extended-precision register 


Auxiliary register 
Auxiliary register 
Auxiliary register 
Auxiliary register 
Auxiliary register 


Auxiliary register 
Auxiliary register 
Auxiliary register 


Data-page pointer 
Index register 0 
Index register 1 
Block-size register 
Active stack pointer 


Status register 

CPU/DMA interrupt enable 
CPU interrupt flags 

I/O flags 


Repeat start address 
Repeat end address 
Repeat counter 
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5.1.2 Direct Addressing 


In direct addressing, the data address is formed by the concatenation of the 
eight least significant bits of the data page pointer (DP) with the 16 least signifi- 
cant bits of the instruction word (expr). This results in 256 pages (64K words 
per page), giving the programmer a large address space without requiring a 
change of the page pointer. The syntax and operation for direct addressing are 


listed below. 
Syntax: @expr 


Operation: address = DP concatenated with expr 


Figure 5-1 shows the formation of the data address. Example 5—1 gives an in- 
struction example with data before and after instruction execution. 


Figure 5-1. ‘Direct Addressing 


Instruction 
Word 


pP—> 


(Data 
Page Pointer) 


31 0 


Example 5-1 Direct Addressing 


ADDI @OBCDEh, R7 

Before Instruction: After Instruction: 

DP = 8Ah | . DP = 8Ah 

R7 =0Oh R7 = 12345678h 

Data at 8ABCDEh = 12345678h Data at 8ABCDEh = 12345678h 


Addressing 


5.1.3. Indirect Addressing 


Indirect addressing is used to specify the address of an operand in memory 
through the contents of an auxiliary register, optional displacements, and index 
registers. Only the 24 least significant bits of the auxiliary registers and index 
registers are used in indirect addressing. This arithmetic is performed by the 
auxiliary register arithmetic units (ARAUs) on these lower 24 bits and is un- 
signed. The upper eight bits are unmodified. 


The flexibility of indirect addressing is possible because the ARAUs on the . 
TMS320C3x are used to modify auxiliary registers in parallel with operations 
within the main CPU. Indirect addressing is specified by a five-bit field in the 
instruction word, referred to as the mod field. A displacement is either an ex- 
plicit unsigned 8-bit integer contained in the instruction word or an implicit dis- 
placement of one. Two index registers, IRO and 1R1, can also be used in indi- 
rect addressing. In some cases, an addressing scheme using circular or bit- 
reversed addressing is optional. The mechanism for generating addresses in 
circular addressing is discussed in Section 5.3, bit-reversed in Section 5.4. 


Table 5—2 lists the various kinds of indirect addressing, along with the value of 
the modification (mod) field, assembler syntax, operation, and function for 
each. The succeeding 18 examples show the operation for each kind of indirect 
addressing. 
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Table 5-2. Indirect Addressing 


Indirect Addressing with Displacement 


00000 *+ARn(disp) addr = ARn + disp With predisplacement add 
00001 *— ARn(disp) addr = ARn— disp With predisplacement subtract 


00010 ++ARn(disp) addr = ARn + disp With predisplacement add and modify 
ARn = ARn + disp 


Mod Field 


00011 —-ARn(disp) | addr = ARn —disp With predisplacement subtract and modify 
ARn = ARn - disp 

00100 *ARn++(disp) addr = ARn With postdisplacement add and modify 
ARn = ARn + disp 

00101 “ARn —— (disp) | addr = ARn With postdisplacement subtract and modify 
ARn = ARn — disp 

00110 “ARn++(disp)% | addr = ARn With postdisplacement add and circular 
ARn = circ(ARn + disp) | modify 

00111 *ARn ——(disp)%| add = ARn With postdisplacement subtract and 
ARn = circ(ARn—disp) | circular modify 


Indirect Addressing with Index Register IRO 
01000 **+ARn(IRO) addr = ARn + IRO With preindex (IRO) add 
01001 — ARn(IRO) addr = ARn ~ IRO With preindex (IRO) subtract 


01010 *++ARn(IRO) addr = ARn + IRO With preindex (IR0) add and modify 
ARn = ARn + IRO 

01011 *~-~ARn(IRO) | addr =ARn—-IRO With preindex (IRQ) subtract and modify 
ARn = ARn-IRO 


01100 *ARn++(IRO) addr = ARn With postindex (IRO) add and modify 
- ARn = ARn + IRO 

01101 *“ARn—-—(IRO) | addr= ARn With postindex (IRQ) subtract and modify 
ARn = ARn ~ IRO 

01110 *“ARn++(IR0)% | addr=ARn With postindex (IRO) add and circular 
ARn = circ(ARn + IRO) modify 

01111 *ARn —— (IRO)%| addr = ARn With postindex (IRO) subtract and circular 
ARn = circ(ARn) —!RO modify 


LEGEND: 
addr = memory address 
ARn = auxiliary register ARO — AR7 
IRn = index register IRO or IR1 
disp = displacement 
++ = add and modify 
-- = subtract and modify 
circ( } = address in circular addressing 
% = where circular addressing is performed 
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Table 5-2. Indirect Addressing (Concluded) 


Indirect Addressing with Index Register IR1 


"+ ARN(IR1) addr = ARn + IR1 With preindex (IR1) add 
10001 *— ARn(IR1) addr = ARn -1R1 With preindex (IR1) subtract 


10010 * +4 ARn(iR1) addr = ARn + IR1 With preindex (IR1) add 
ARn = ARn + IR1 and modify 

10011 *—— ARn(IR1) addr = ARn -!R1 With preindex (IR1) subtract 
ARn = ARn -!R1 and modify 

10100 * ARn ++ (IR1) addr = ARn With postindex (IR1) add 
ARn = ARn +1R1 and modify 

10101 *ARn —— (IR1) addr = ARn With postindex (IR1) subtract 
ARn = ARn—IR1 and modify 

10110 * ARn ++ (IR1)% addr = ARn With postindex (IR1) add 
ARn = circ(ARn + IR1) and circular modify 

10111 * ARn —— (IR1)% addr = ARn With postindex (IR1) subtract 
ARn = circ(ARn — IR1) and circular modify 


Indirect Addressing (Special Cases) 
+7000 addr = ARN 


*ARn ++ (IRO)B addr = ARn With postindex (IRO) add 
ARn = B(ARn + IRO) and bit-reversed modify 

LEGEND: 

addr = memory address 

ARn = auxiliary register ARO — AR7 

IRn = index register IRO or IR1 

disp = displacement 

++ = add and modify 

-- = subtract and modify 

circ( ) = address in circular addressing 

% = where circular addressing is performed 

B = where bit-reversed addressing is performed 
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Example 5-2. Auxiliary Register Indirect 


An auxiliary register (ARn) contains the address of the operand to be fetched. 


Operation: operand address = ARn 
Assembler Syntax: *ARnN 
Modification Field: 11000 


31 24 23 0 


31 0 


Example 5-3. Indirect With Predisplacement Add 


ARn 


The address of the operand to be fetched is the sum of an auxiliary register 
(ARn) and the displacement (disp). The displacement is either an eight-bit un- 
signed integer contained in the instruction word or an implied value of 7. 


Operation: operand address = ARn+ disp 
Assembler Syntax: *+ARn(disp) 
Modification Field: 00000 

31 24 23 0 


ARn 


31 8 7 0 
disp} 0 0...0 0 (+) 
| 31 yy 0 
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Example 5-4. Indirect With Predisplacement Subtract 


The address of the operand to be fetched is the contents of an auxiliary register 
(ARn) minus the displacement (disp). The displacement is either an eight-bit 
unsigned integer contained in the instruction word or an implied value of 1. 


Operation: operand address = ARn- disp 
Assembler Syntax: *— AR n(disp) 
Modification Field: 00001 


31 24 23 0 


Foperand 


Example 5-5. Indirect With Predisplacement Add and Modify 


The address of the operand to be fetched is the sum of an auxiliary register 
(ARn) and the displacement (disp). The displacement is either an eight-bit un- 
signed integer contained in the instruction word or an implied value of 1. After 
the data is fetched, the auxiliary register is updated with the address gener- 


ated. 
Operation: operand address = ARn+ disp 
ARn = ARn + disp 
Assembler Syntax: *++ARn(disp) 
Modification Field: 00010 
31 24 23 0 
ARn address 
31 8 7 9) 


31 zs 0 
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Example 5-6. Indirect With Predisplacement Subtract and Modify 


The address of the operand to be fetched is the contents of an auxiliary register 
(ARn) minus the displacement (disp). The displacement is either an eight-bit 
unsigned integer contained in the instruction word or an implied value of 1. Af- 
ter the data is fetched, the auxiliary register is updated with the address gener- 


ated. 
Operation: operand address = ARn- disp 
ARn= ARn+ disp 

Assembler Syntax: *_ — ARn(disp) 

Modification Field: 00011 
31 24 23 0 

31 8 7 0 

31 0 


operand 


Example 5-7. Indirect With Postdisplacement Add and Modify 


The address of the operand to be fetched is the contents of an auxiliary register 
(ARn). After the operand is fetched, the displacement (disp) is added to the 
auxiliary register. The displacement is either an eight-bit unsigned integer con- 
tained in the instruction word or an implied value of 1. 


Operation: operand address = ARn 
ARn= ARn+disp 
Assembler Syntax: *“ARn++ (disp) 
Modification Field: 00100 
31 24 23 0 
ARn | 
31 


31 0 


Ti 
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Example 5-8. Indirect With Postdisplacement Subtract and Modify 


The address of the operand to be fetched is the contents of an auxiliary register 
(ARn). After the operand is fetched, the displacement (disp) is subtracted from 
the auxiliary register. The displacement is either an eight-bit unsigned integer 
contained in the instruction word or an implied value of 1. 


Operation: operand address = ARn 
ARn = ARn-— disp 
Assembler Syntax: *ARn—-— (disp) 
Modification Field: 00101 
31 24 23 9 


‘3 


operand 


Example 5-9. Indirect With Postdisplacement Add and Circular Modify 


The address of the operand to be fetched is the contents of an auxiliary register 
(ARn). After the operand is fetched, the displacement (disp) is added to the 
contents of the auxiliary register using circular addressing. This result is used 
to update the auxiliary register. The displacement is either an eight-bit un- 
signed integer contained in the instruction word or an implied value of 1. 


Operation: operand address = ARn 
ARn = circ(ARn+ disp) 
Assembler Syntax: *ARn++ (disp)% 
Modification Field: 00110 
31 24 23 0 
ARn 
31 
disp] 0 0... 
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Example 5-10. Indirect With Postdisplacement Subtract and Circular Modify 


The address of the operand to be fetched is the contents of an auxiliary register 
(ARn). After the operand is fetched, the displacement (disp) is subtracted from 
the contents of the auxiliary register using circular addressing. This result is 
used to update the auxiliary register. The displacementis either an eight-bitun- 
signed integer contained in the instruction word or an implied value of 1. 


Operation: operand address = ARn 
ARn= circ(ARn- disp) 
Assembler Syntax: *ARn--— (disp)% 
Modification Field: 00111 
31 24 23 0 


ARn 


31 8 7 0 
disp | 0 0...0 0| integer| 


31 
operand 


Example 5-11. Indirect With Preindex Add 


The address of the operand to be fetched is the sum of an auxiliary register 
(ARn) and an index register (IRO or IR1). 


Operation: operand address = ARn+ |IRm 
Assembler Syntax: *+ ARn(IRm) 
Modification Field: | 01000 ifm=0 


10000 ifm = 1 


31 24 23 0 
31 24 23 0 
oe ae 
31 0 
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Example 5-12. Indirect With Preindex Subtract 


The address of the operand to be fetched is the difference of an auxiliary regis- 
ter (ARn) and an index register (IRO or IR1). 


Operation: operand address = ARn-IRm 
Assembler Syntax: . *~ AR n(IRm) 
Modification Field: 01001 ifm =0 


- 10001 if m=1 


31 24 23 0 
a 


3 24 23 


1 0 


31 0 


ARn 


Example 5-13. Indirect With Preindex Add and Moaify 


The address of the operand to be fetched is the sum of an auxiliary register 
(ARn) and an index register (IRO or IR1). After the data is fetched, the auxiliary 
register is updated with the address generated. 


Operation: — operand address = ARn+|IRm 
ARn= ARn+IRm 

Assembler Syntax: *++ AR n(IRm) 

Modification Field: 01010 ifm=0 


10070 if m=1 


31 24 23 0 


address 
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Example 5-14. Indirect With Preindex Subtract and Modify 


The address of the operand to be fetched is the difference of an auxiliary regis- 
ter (ARn) and an index register (IRO or IR1). The resulting address becomes 
the new contents of the auxiliary register. 


Operation: operand address = ARn—IRm 
ARn= ARn-IRm 

Assembler Syntax: *—-— ARn(IRm) 

Modification Field: 01011 ifm =0 


10011 if m =1 


31 24 23 0 


ARn 


31 24 23 0 


Example 5-15. Indirect With Postindex Add and Modify 


The address of the operand to be fetched is the contents of an auxiliary register 


(ARn). After the operand is fetched, the index register (IRO or IR1) is added to 
the auxiliary register. 


Operation: operand address = ARn 
ARn=ARn+ IRm 

Assembler Syntax: | *ARn++ (IR m) 

Modification Field: 01100 ifm=0 


10100 ifm =1 


31 24 23 0 


Addressing 


Example 5-16. Indirect With Postindex Subtract and Modify 


The address of the operand to be fetched is the contents of an auxiliary register 
(ARn). After the operand is fetched, the index register (IRO or !R1 ) is subtracted 
from the auxiliary register. 


Operation: — operand address = ARn 
ARn= ARn-ARm 
Assembler Syntax: *ARn— — (IRm) 
Modification Field: 01101 ifm = 0 
10101 ifm =1 
31 24 23 0 
ARn 


Example 5-17. Indirect With Postindex Add and Circular Modify 


The address of the operand to be fetched is the contents of an auxiliary register 
(ARn). After the operand is fetched, the index register (IRO or IR1) is added to 
the auxiliary register. This value is evaluated using circular addressing and re- 
places the contents of the auxiliary register. 


Operation: operand address = ARn 
ARn= circ(ARn+ IRm) 

Assembler Syntax: *ARn++ (IRm)% 

Modification Field: 01110 ifm=0 


10110 if m=1 


24 23 
ane: ene 


31 24 23 “e) 


operand 
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Example 5-18. Indirect With Postindex Subtract and Circular Modify 


The address of the operand to be fetched is the contents of an auxiliary register 
(ARn). After the operand is fetched, the index register (IRO or !R1) is subtracted 
from the auxiliary register. This result is evaluated using circular addressing 
and replaces the contents of the auxiliary register. 


Operation: operand address = ARn 
ARn= circ(ARn—-IRm) 

Assembler Syntax: *ARn—— (IRm)% 

Modification Field: 01111 ifm= 0 


10111 ifm =1 


31 24 23 0 


ARn 


31 24 23 0 


Example 5-19. Indirect With Postindex Add and Bit-Reversed Modify 


The address of the operand to be fetched is the contents of an auxiliary register 
(ARn). After the operand is fetched, the index register (IRO) is added to the aux- 
iliary register. This addition is performed with a reverse-carry propagation and 
can be used to yield a bit-reversed (B) address. This value replaces the con- 
tents of the auxiliary register. 


Operation: operand address = ARn 
| ARn=B(ARn+IR0) 

Assembler Syntax: *ARn++(IRO)B 

Modification Field: —_- 11001 | 


31 24 23 0 


5-16 Addressing 


oSraiaanrieiiainenisasanansnenssnaaetaietnassaninanenindntnnnnsncneiaes enon isn nincninmincrtgenennseemsont 


5.1.4 Short-immediate Addressing 


_ In short-immediate addressing, the operand is a 16-bit immediate value con- 
‘i tained in the 16 least significant bits of the instruction word (expr). Depending 
upon the data types assumed for the instruction, the short-immediate operand 
may be a twos-complement integer, an unsigned integer, or a floating-point 
number. This is the syntax for this mode: 


Syntax: expr 


Example 5-20 gives an instruction example with before- and after-instruction 
data. 


Example 5-20. Short-Immediate Addressing 


SUBI 1,R0 
Before Instruction: After Instruction: 
RO =0h RO = OFFFFFFFFh 


5.1.5 Long-lmmediate Addressing 


In long-immediate addressing, the operand is a 24-bit immediate value con- 
tained in the 24 least significant bits of the instruction word (expr). This is the 
syntax for this mode: 


Syntax: expr 


Example 5-21 gives an instruction example with before- and after-instruction 
data. 


Example 5-21. Long-immediate Adaressing 


BR 8000h 
Before Instruction: After Instruction: 
PC =Oh PC = 8000h 
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5.1.6 PC-Relative Addressing 


PC-relative addressing is used for branching. The assembler takes the src (a 
label or address) specified by the user and generates a displacement. If the 
branch is astandard branch, this displacementis equal tothe label -(PC +1). 
lf the branch is a delayed branch, this displacement is equal to the la- 
bel — (PC + 3). 


The displacement is stored as a 16-bit signed integer in the least significant 
bits of the instruction word. This displacement is added to the PC if the condi- 
tion is true. 


Syntax: expr 


. Example 5-22 gives an instruction example with before- and after-instruction 


data. 


Example 5-22. PC-Relative Addressing 


BU NEWPC ; pe=1001h,NEWPC= 1005h,displacement= 3 
Before Instruction: After Instruction: 
PC =1001h PC =1005h 


Addressing 
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5.2 Groups of Addressing Modes 


Six types of addressing (covered in Section 5.1, beginning on page 5-2) form 
these five groups of addressing modes: 


Ch General addressing modes (G) 
Three-operand addressing modes (T) 
Parallel addressing modes (P) 


Long-immediate addressing mode 


ooed 


Conditional-branch addressing modes (B) 


5.2.1 General Addressing Modes 


Instructions that use the general addressing modes are general-purpose in- 
structions, such as ADDI, MPYF, and LSH. Suchinstructions usually have this 
form: 


_ dstoperation src > dst 


where the destination operand is signified by dst and the source operand by 
Src; operation defines an operation to be performed using the general ad- 
dressing modes to specify certain operands. Bits 31 — 29 are zero, indicating 
general addressing mode instructions. Bits 22 and 21 specify the general ad- 
dressing mode (G) field, which defines how bits 15 through 0 are to be inter- 
preted for addressing the src operand. 


Options for bits 22 and 21 (G field) are as follows: 


00 register (all CPU registers unless specified otherwise) 


01 direct 
10 indirect 
11 immediate 


If the src and dstfields contain register specifications, the value in these fields 
contains the CPU register addresses as defined by Table 5—1. For the general 
addressing modes, the following values of ARn are valid: 


ARn,O < ns 7 


Figure 5—2 shows the encoding for the general addressing modes. The nota- 
tion modn indicates the modification field that goes with the ARn field. Refer 
to Table 5-2 for further information. 
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Figure 5-2. Encoding for General Addressing Modes 


29 28 2322 2120 1615 1110 87 54 0 


00000000000 


[epeaion [oo] = 
[—eneraion [1 of ot | ron] Amo] ase —t 


| G | Destination | Source Operands | 


5.2.2 Three-Operand Addressing Modes 
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Instructions that use the three-operand addressing modes, such as 
ADDI3, LSH3, CMPFS. or XOR3, usually have this form: 


SRC1 operation SRC2 > dst 


where the destination operand is signified by dst and the source operands by 
SRC1 and SRC2; operation defines an operation to be performed. Note that 
the 3 can be omitted from three-operand instructions. 


Bits 31-29 are set to the value of 001, indicating three-operand addressing 
mode instructions. Bits 22 and 21 specify the three-operand addressing mode 
(T) field, which defines how bits 15 — 0 are to be interpreted for addressing the 
SRC operands. Bits 15 — 8areusedtodefinethe SRC1 address, andbits 7— 0 
to define the SRC2 address. Options for bits 22 and 21 (T) are as follows: 


T SRC1 SRC2 
00 register register 
01 indirect register 
10 register indirect 
11 indirect indirect 


Figure 5-3 shows the encoding for three-operand addressing. If the SRC1 
and SRC2 fields use the same auxiliary register, both addresses are correctly 
generated. However, only the value created by the SRC1 field is saved in the 
auxiliary register specified. The assembler issues a warning if this condition 
is specified by the user. 7 


The following values of ARn and ARm are valid: 


ARn,O<n< 7 
ARm,O<m<7 


The notation modmor modnindicates the modification field goes with the ARm 
or ARn field, respectively. Refer to Table 5-2 for further information. 


Addressing 
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In indirect addressing of the three-operand addressing mode, displacements 
(if used) are allowed to be 0 or 1, and the index registers (IRO and 1R1) can be 
used. The displacement of 1 is implied and is not explicitly coded in the instruc- 
tion word. 


Figure 5-3. Encoding for Three-Operand Addressing Modes 


31 29 28 23 22 21 20 16 15 1312 11 10 87 54 3 2 0 


5.2.3 Parallel Addressing Modes 


Instructions that use parallel addressing, indicated by || (two vertical bars), al- 
low for the greatest amount of parallelism possible. The destination operands 
are indicated as d1 and d2, signifying dst? and dst2, respectively (see Figure 
6—4). The source operands, signified by src7 and src2, use the extended-pre- 
cision registers. The parallel operation to be performed is called operation. 


Figure 5-4. Encoding for Parallel Addressing Modes 


31 3029 26 25 2423 22 21 19 18 1615 10 11 87 


BC Se AO TT 


| src3 | src4 | 


The parallel addressing mode (P) field specifies how the operands are to be 
used, i.e., whether they are source or destination. The specific relationship be- 
tween the P field and the operands is detailed in the description of the individual 
parallel instructions (see Chapter 10). However, the operands are always en- 
coded in the same way. Bits 31 and 30 are set to the value of 10, indicating par- 
allel addressing mode instructions. Bits 25 and 24 specify the parallel address- 
ing mode (P) field, which defines how bits 21 — 0 are to be interpreted for ad- 
dressing the src operands. Bits 21 — 19 are used to define the src7 address, 
bits 18 — 16 todefine the src2 address, bits 15 — 8 the src3 address, and bits 
7 — dhe src 4address. The notations modn and modm indicate which modifi- 
cation field goes with which ARn or ARm (auxiliary register) field, respectively. 
The parallel addressing operands are listed below. 
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of Addressing Mod 


SSS SSC SS SSS RRS 


srct Ossrce1<7 (extended-precision registers RO — R7) 
strc2 Ossrc2<7 (extended-precision registers RO — R7) 
di If 0, dst? is RO. If 4, dst? is R1. 

d2 lf 0, dst2is R2. If 1, dst2 is R3. 

P O0< P<3 | 

src3 __ indirect (disp = 0, 1, IRO, IR1) 

src4 indirect (disp = 0, 1, IRO, IR1) 


As in the three-operand addressing mode, indirect addressing in the parallel 
addressing mode allows for displacements of 0 or 1 and the use of the index 
registers (IRO and IR1). The displacement of 1 is implied and is not explicitly 
coded in the instruction word. 


In the encoding shown for this mode in Figure 5—4, if the src3 and src4 fields 
use the same auxiliary register, both addresses are correctly generated, but 
only the value created by the src3 field is saved in the auxiliary register speci- 
fied. The assembler issues a warning if this condition is specified by the user. 


5.2.4 Long-lmmediate Addressing Mode 
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The long-immediate addressing mode is used to encode the program control 
instructions (BR, BRD, and CALL); for this, itis useful to have a 24-bit absolute 
address contained in the instruction word. The unconditional branches, BR 
(standard) and BRD (delayed), use the long-immediate addressing mode. Bits 
31 — 26are set to the value of 011000, indicating long-immediate addressing 
mode instructions. Selection of bit 24 determines the type of branch: D = 0 for 
a standard branch or D = 1 foradelayed branch. The long-immediate operand 
is the 24-bit src. These instructions are encoded as shown in Figure 5—5. 


Addressing 


fot 1 00 ox Jp = 


or for BR(D) 

31 25 24 23 0 
0 41 4000 o]pD| src 

or for CALL: 

31 25 24 23 0 
041 1 00 0 1]D| Sc 


5.2.5 Conditional-Branch Addressing Modes 


Instructions using the conditional-branch addressing modes (Bcond, BconaD, 
CALLcond, DBcond, and DBconaD) can perform a variety of conditional oper- 
ations. Bits31 — 27 are setto the value of 01101, indicating conditional-branch 
addressing mode instructions. Bit26 is setto 0 or 1;the former selects DBcond, 
the latter Bcond. Selection of bit 25 determines the conditional-branch ad- 
dressing mode (B). If B = 0, register addressing is used; if B = 1, PC-relative 
addressing is used. Selection of bit 21 sets the type of branch: D = 0 for astan- 
dard branch or D = 1 fora delayed branch. The condition field(cond) specifies 
the condition checked to determine what action to take, i.e., whether or not to 
branch (see Chapter 11 for a list of condition codes). Figure 6-6 shows the en- 
coding for conditional-branch addressing. 


Figure 5-6. Encoding for Conditional-Branch Addressing Modes 


DBcond (D): 
31 26 25 24 2221 20 16 15 5 4 


01101 1{B] ARn | | cond [00000000000 src reg 
[B| arn [D[ cond | immediate (PC relative) 


= 


31 26 25 24 22 21 20 16 15 5 4 


foro ofefoco [oy cn Tooooooo0000) sores 
IB} ooo FD] cond | immediate (PC relative) 


oO 


31 26 25 24 22 21 20 16 15 5 4 


0111.0 0JBJooo fo} cond fooo00000000 sre reg 
Oo i111 0 0 IB}oo00]o| cond | ____ immediate (PC relative) 


Oo 
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5.3 Circular Addressing 
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Many algorithms, such as convolution and correlation, require the implementa- 
tion of a circular buffer in memory. In convolution and correlation, the circular 
buffer is used to implement a sliding window that contains the most recent data 
to be processed. As new data is brought in, the new data overwrites the oldest 
data. Key to the implementation of a circular buffer is the implementation of a 
circular addressing mode. This section describes the circular addressing mode 
of the TMS320C3x. | 


The blocksize register (BK) specifies the size of the circular buffer. The bottom 
of the circular buffer is specified by the first bit (counting from the most signifi- 
cant bit to the least significant bit) in the lower 16 bits of the BK register, plus 
a user-selected auxiliary register (ARn). With the location of the first 1 bit speci- 


- fied as bit N, the address at the top of the buffer is referred to as the effective 


base (EB) and is equal to bits 31 through (N+1) of ARn with bits N—1 through 
0 of EB being zero and bit N being one. 


Figure 5-7 illustrates the relationships between the blocksize register (Bk), 
the auxiliary registers (ARn), the bottom of the circular buffer, the top of the cir- 
cular buffer, and the index into the circular buffer. 


A circular buffer of size R must start on an N-bit boundary (i.e., N LSBs of ad- 
dress are 0) where N is the smallest integer that satisfies 2N> R. Also, the value 
R must be loaded into the BK register. For example, a 31-word circular buffer 
must start at an address whose 5 LSBs are O (ie., 
XXXXXXXXXXXXXXXXXX000000b) and 31 must be loaded into BK. 


Addressing 


Circular Addressing 


eitsientenecasetaaestnteateeieis 


First 1 at Location N 


$n ; 
' 1(NLSBs 
of BK) 
N+1 N 0 


1 (NLSBs 
of BK) 


Circular 
Addressing 


Algorithm 


Logic 


New 
ARn 
LEGEND: 
ARn = auxiliary register n L = low-order bits 
BK = block-size register L’ = new low-order bits 
EB = effective base LSB = least significant bit 
H = high-order bits N = bit value 
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In circular addressing, index refers to the N LSBs of the auxiliary register se- 
lected, and step is the quantity being added to or subtracted from the auxiliary 
register. Follow these two rules when you use circular addressing: 


Gh The step used must be less than or equal to the blocksize. 


{4 The first time the circular queue is addressed, the auxiliary register must 
be pointing to an element in the circular queue. 


The algorithm for circular addressing is as follows: 
lfO <index + step < BK: 
index = index + step. 
Else if index + step = BK: 
index = index + step — BK. 
Else if index + step < 0: 
index = index + step + BK. 


Figure 5-8 shows how the circular buffer is implemented. It illustrates the rela- 
tionship of the quantities generated and the elements in the circular buffer. 


Figure 5-8. Circular Buffer Implementation 


Address Data 


31 N+1 N 0 Top of Circular Buffer 


Effective Base (EB) a ee ee ee - Element 0 
Element 1 


31 N+1 N 0 


31 N+1 N om Last Element 


LSBs BK = Last Element + 1 
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Figure 5-9 gives an example of the operation of circular addressing. Assum- 
ing that all ARs are four bits, let ARO = 0000,andBK = 0110 (blocksize of 6). 
This example shows a sequence of modifications and the resulting value of 
ARO. It also shows how the pointer steps through the circular queue with a vari- 
ety of step sizes (both incrementing and decrementing). 


Figure 5-9. Circular Addressing Example 


*ARO'++ (5)% ; ARO 
*ARO ++ (2)% ; ARO 
*ARO — -—(3)% ; ARO 
*AR0++(6)% ; ARO 
*ARO- —% ; ARO 
*ARO ; ARO 
Value Data 


5th — 


4th, 3rd 7? 
1st —- 


ohR=—=- OHO 


(Oth value) 
(1st value) 
(2nd value) 
(3rd value) 
(4th value) 
(5th value) 


[seen 


Address 
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Circular addressing is especially useful for the implementation of FIR filters. 
Figure 5-10 shows one possible data structure for FIR filters. Note that the ini- 
tial value of ARO points to h(N —1), and the initial value of AR1 points to x(0). 
Circular addressing is used in the TMS320C38x code for the FIR filter shown 
in Figure 5—11. 


Figure 5-10. | Data Structure for FIR Filters. 


Figure 5-11. FIR Filter Code Using Circular Addressing 
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Impulse Response 


* Initialization 


* 


LDI 
LDI 
LDI 


TOP LDF 
STF 


LDF 
LDF 


Filter 


RPTS 
MPYF3 
| | ADDF3 
ADDF 


STF 
B 


N, BK 
H, ARO 
X, AR1 


IN, R3 
R3, *AR1++% 


N - 1 


v 


° 
ca 


. 
, 


. 
a, 


. 
, 


*ARO++%, *AR1L++ 


RO,R2,R2 
RO, R2 
R2,Y 

TOP 


Input Samples 


< AR1 


Load block size. 

Load pointer to impulse response. 
Load pointer to bottom of input 
sample buffer. 


Read input sample. 

Store with other samples. 
and point to top of buffer. 
Initialize RO. 
Initialize R2. 


Repeat next instruction. 
%,RO 

Multiply and accumulate. 

Last product accumulated. 


Save result. 
Repeat. 
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5.4 Bit-Reversed Addressing 


Bit-reversed addressing on the TMS320C3x enhances execution ees and 
program memory for FFT algorithms that use a variety of radices. The base 
address of bit-reversed addressing must be located on a boundary of the size 
of the table. For example, if IRO = 29-1, the n LSBs of the base address must 
be zero. The base address of the data in memory must be on a 2" boundary. 
One auxiliary register points to the physical location of a data value. IRO speci- 
fies one-half the size of the FFT; e.g., the value contained in IRO must be equal 
to 20-1 where n is an integer and the FFT size is 2". When you add IRO to 
the auxiliary register by using bit-reversed addressing, addresses are gener- 
ated in a bit-reversed fashion. 


To illustrate this kind of addressing, assume eight-bit auxiliary registers. Let 
AR2 contain the value 0110 0000 (96). This is the base address of the data in 
memory. Let !RO contain the value 0000 1000 (8). Figure 5-12 shows a se- 
quence of modifications of AR2 and the resulting values of AR2. 


Figure 5-12. Bit-Reversed Addressing Example 


*AR2++(IRO)B ; AR2 = 0110 0000 (Oth value) 
*AR2++(IRO)B ; AR2 = 0110 1000 (1st value) 
*AR2++(IRO)B ; AR2 = 0110 0100 (2nd value) 
*AR2++(IRO)B ; AR2 = 0110 1100 (3rd value) 
*AR2++(IRO)B ; AR2 = 0110 0010 (4th value) 
*AR2++(IRO)B ; AR2 = 0110 1010 (5th value) 
*AR2++(IRO)B ; AR2 = 0110 0110 (6th value) 
*AR2 ; AR2 = 0110 1110 (7th value) 


Table 5~3 shows the relationship of the index steps and the four LSBs of AR2. 
As you can see, you can find the four LSBs by reversing the bit pattern of the 
steps. . 


Table 5-3. Index Steps and Bit-Reversed Addressing 


0 
1 
2 
°3 
4 
5 
6 
7 
8 
9 
10 
11 


ok ok ak ak 
of OP 
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5.5 System and User Stack Management 


The TMS320C38x provides a dedicated system stack pointer (SP) for building 
stacks in memory. The auxiliary registers can also be used to build a variety 
of more general linear lists. This section discusses the implementation of the 
following types of linear lists: 


Stack A linear list for which ail insertions and deletions are made at one 
end of the list. 


Queue —_ A linear list for which all insertions are made at one end of the list, 
and all deletions are made at the other end. 


Deque Adouble-ended queue linear list for which insertions and deletions 
are made at either end of the list. 


The system stack pointer (SP) is a 32-bit register that contains the address of 
the top of the system stack. The system stack fills from low-memory address 
to high-memory address (see Figure 5-13). The SP always points to the last 
element pushed onto the stack. A push performs a preincrement, and a pop 
performs a postdecrement of the system stack pointer. 


The program counter is pushed onto the system stack on subroutine calls, 
traps, and interrupts. Itis popped from the system stack on returns. The system 
stack can be pushed and popped using the PUSH, POP, PUSHF, and POPF 
instructions. 


Figure 5-13. System Stack Configuration 
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Low Memory 


Bottom of Stack 


High Memory 


Addressing 


5.5.1 Stacks 
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System and User St 


Stacks can be built from low to high memory or high to low memory. Two cases 
for each type of stack are shown. Stacks can be built using the preincrement/ . 


_ decrement and postincrement/decrement modes of modifying the auxiliary 


registers (AR). Stack growth from high-to-low memory can be implemented in 
two ways: 


CASE 1: Stores to memory using *—— ARn to push data onto the stack and 
reads from memory using *“ARn ++ to pop data off the stack. . 


CASE 2: Storestomemory using *ARn — — topush data onto the stack and 
reads from memory using * ++ ARn to pop data off the stack. 


Figure 5-14 illustrates these two cases. The only difference is that in case 1, 
the AR always points to the top of the stack, and incase 2, the AR always points 
to the next free location on the stack. 


Figure 5-14. Implementations of High-to-Low Memory Stacks 


Case 1 Case 2 
Low Memory Low Memory 


| 
Top of Stack 


Bottom of Stack 


High Memory High Memory 


(Free) ARn —> 
ARn —> Top of Stack 


Bottom of Stack 


Stack growth from low-to-high memory can be implemented in two ways: 


CASE 3: Stores to memory using *++ ARn to push data onto the stack and 
reads from memory using*ARn — — to pop data off the stack. 


CASE 4: Stores to memory using *“ARn ++ to push data onto the stack and 
reads from memory using *— — ARn to pop data off the stack. 


Figure 5~15 shows these two cases. In the case 3, the AR always points to the 
top of the stack. In case 4, the AR always points to the next free location on 
the stack. 
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Figure 5-15. Implementations of Low-to-High Memory Stacks 


Case 3 Case 4 
Low Memory Low Memory 
Bottom of Stack Bottom of Stack 


High Memory High Memory 


5.5.2 Queues 


A queue is like a FIFO. The implementation of queues is based upon the ma- 
nipulation of auxiliary registers. Two auxiliary registers are used, one to mark 
the front of the queue from which data is popped (or dequeued) and the other 
to mark the rear of the queue where data is pushed. By properly managing the 
auxiliary registers, the queue may also be circular. (A queue is circular when 
the rear pointer is allowed to point to the beginning of the queue memory after 
it has pointed to the end of the queue memory.) 
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Chapter 6 


Program Flow Coniro! 


The TMS320C38x provides a complete set of constructs that facilitate software 
and hardware control of the program flow. Software control includes repeats, 
branches, calls, traps, and returns. Hardware control includes operations, re- 
set, and interrupts. Because programming includesa variety of constructs, you 
can select the one suited for your particular application. 


Several interlocked operations instructions provide flexible multiprocessor 
support and, through the use of external signals, a powerful means of 
synchronization. They also guarantee the integrity of the communication and — 
result in a high-speed operation. 


The TMS320C3x supports a nonmaskable external reset signal and a number 
of internal and external interrupts. These functions can be programmed for a 
particular application. 


This chapter discusses the following major topics: 


Li Repeat Modes (Section 6.1 on page 6-2) 
H Initialization 


Hi Operation 

Delayed Branches (Section 6.2 on page 6-7) 
Calls, Traps, and Returns (Section 6.3 page 6-8) 
Interlocked Operations (Section 6.4 on page 6-10) 
Reset Operation (Section 6.5 on page 6-16) 


ee oe ie oe 2 


Interrupts (Section 6.6 on page 6-20) 
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6.1 Repeat Modes 


The repeat modes of the TMS320C3x can implement zero-overhead looping. 
For many algorithms, most execution time is spent in an inner kernel of code. 
Using the repeat modes allows these time-critical sections of code to be ex- 
ecuted in the shortest possible time. 


The TMS320C3x provides two instructions to support zero-overhead looping: 
RPTB (repeat a block of code) and RPTS (repeat a single instruction). RPTB 
causes a block of code to be repeated a specified number of times. RPTS 
causes a single instruction to be repeated a number of times and reduces the 
bus traffic by fetching the instruction only once. 


Three registers (RS, RE, and RC) are associated with the updating of the pro- 
gram counter when it is updated in a repeat mode. Table 6—1 describes these 
registers. 


Table 6-1. Repeat-Mode Registers 


RS Repeat Start Address Register. Holds the address of the first instruction 
of the block of code to be repeated. 
Repeat End Address Register. Holds the address of the last instruction 
of the block of code to be repeated. 


RC Repeat-Count Register. Contains one less than the number of times 
the block remains to be repeated. For example, to execute a block N 
times, load N—1 into RC. 


6.1.1 Repeat-Mode Initialization 
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Two bits are important to the operation of RPTB and RPTS: the RM and S bits. 


The RM (repeat-mode flag) bit in the status register specifies whether the pro- 
cessor is running in the repeat mode. If RM = 0, fetches are not made in repeat 
mode. If RM = 1, fetches are made in repeat mode. 


The S bitis hidden from the user butis necessary to fully describe the operation 
of RPTB and RPTS. If S = 0, the CPU is not performing fetches in the repeat- 
single mode. If S = 1 and RM = 1, the CPU is performing fetches in the repeat- 
single mode. 


The correct operation of the repeat modes requires that all of the above regis- 
ters and status register fields be initialized correctly. The RPTB and RPTS in- 
structions perform this initialization in slightly different ways (see Sections 
6.1.2 and 6.1.3). 
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6.1.2 RPTB Initialization 


When RPTB srcis executed, the following operations take place: 


1) PC +1—RS 


2) src > RE 
3) 1 — RM status register bit 
4) 0 S bit. 


Step 1 loads the start address of the block into RS. Step 2 loads the src into 
the RE (end address of the block). The srcoperand is a 24-bit value contained 
in the instruction word. Step 3 sets the status register to indicate the repeat 
mode of operation. Step 4 indicates that this is the repeat block mode of opera- 
tion. 


The last bit of information required is the number of times to repeat the block. 
The value is determined by properly initializing the RC (repeat count) register. 
Since the execution of RPTB does not load the RC, you must load this register 
yourself. The typical setup of the block repeat operation is shown below. 


LDI 15,RC ; 15 — RC, LOOP will be executed 16 times 
RPTB LOOP ; LOOP -—> RE, PC. + 1. RS, 1 => RM, 0-358 


The repeat modes repeat a block of code at least once in a typical operation. 
The repeat counter should be loaded with one less than the number of times 
to repeat the block; i.e., a value of Oin RC repeats the block of code one time. 
All block repeats initiated by RPTB can be interrupted. 

6.1.3. RPTS Initialization 
When RPTS src is executed, the following sequence of operations occurs: 


1) PC +1—RS 


2) PC +1— RE 
3) 1 — RM status register bit 
4) 1— Sbit 


5) src > RC 


The RPTS instruction loads all registers and mode bits necessary for the oper- 
ation of the single instruction repeat mode. Step 1 loads the start address of 
the block into RS. Step 2 loads the end address into the RE (end address of 
the block). Since this is a repeat of a single instruction, the start address and 
the end address are the same. Step 3 sets the status register to indicate the 
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6.1.4 Repeat-Mode 


Figure 6~1. Repeat-Mode 


if RM == 
if S == 


if first time through 
fetch instruction from memory 


repeat mode of operation. Step 4 indicates that this is the repeat single-instruc- 
tion mode of operation. The operand src is loaded into RC, as in Step 5 and 
the following instruction is executed src+1 times. 


Repeats of a single instruction initiated by RPTS are not interruptible, because 
the RPTS fetches the instruction word only once and then keeps it in the in- 
struction register for reuse. An interrupt would cause the instruction word to be 
lost. The refetching of the instruction word from the instruction register reduces 
memory accesses and, in effect, acts as aone-word program cache. If it is nec- 
essary to have a single instruction that is repeatable and interruptible, von can 
use the RPTB instruction. 


Operation 


The information in the repeat-mode registers and associated control bits is 
used to control the modification of the PC when the fetches are being made 
in repeat mode. The repeat modes compare the contents of the RE register 
with the program counter (PC). lfthey match and the repeat counter is nonneg- 
ative, the repeat cou ater is decremented, the PC is loaded with the repeat start 
address, and the processing continues. The fetches and appropriate status 
bits are modified as necessary. Note that the repeat counter (RC) is never mo- 
dified when RM is 0. The maximum number of repeats occurs.when RC = 
O080000000R. This will resultin 080000001h repetitions. The detailed algorithm 
for the update of the PC is described in Figure 6-1. 


Control Algorithm 


If in repeat mode (RPTB or RPTS) 
If RPTS 

If this is the first fetch 
Fetch instruction from memory 


eT a) eT ey 


else If not the first fetch 
fetch instruction from IR ; Fetch instruction from IR 
RC - 1 —- RC ; Decrement RC 
if RC <0 ; If RC is negative ; 
; Repeat single mode completed 
0 — ST(RM) ; Turn off repeat mode bit 
o—- Ss 7; Clear S 
PC +1—5 PC ; Increment PC 
else if S == ; If RPTB 
fetch instruction from memory ; Fetch instruction from memory 
1£ PC == RE ; If this is the end of the block 
RC - 1— RC 7 Decrement RC 
Li -RE 2-0 ; If RC is not negative 
RS — PC + Set PC to start of block 
else if RC < 0 ; If RC is negative 
0 — ST(RM) * Turn off repeat -mode bits 
o—-s ; Clear § 
PC + 1-4 PC ; Increment PC 
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The RPTB and RPTS are four-cycle instructions. These four cycles of 
overhead are incurred only on the first pass through the loop. All subsequent 
passes through the loop are accomplished with zero cycles of overhead. In 
Example 6—1, the block of code from STLOOP to ENDLOP is repeated sixteen 
times. 


Example 6-1. RPTB Operation 


LDI 15,RC . ; Load repeat counter with 15 


RPTB ENDLOP ; Execute the block of code 


STLOOP : from STLOOP to ENDLOP 16 times 


\ 


ENDLOP 


Using the repeat block mode of modifying the PC facilitates analysis of what 
would happen in the case of branches within the block. Assume that the next 
value of the PC will be either PC + 1 or the contents of the RS register. It is thus 
apparent that this method of block repeat allows many amount of branching 
within the repeated block. Execution can go anywhere within the user’s code 
viainterrupts, subroutine calls, etc. For proper modification of the loop counter, 
the last instruction of the loop must be fetched. You can stop the repeating of 
the loop prior to completion by writing a 0 into the repeat.counter or writing 0 
into the RM bit of the status register. 


Since the block repeat modes modify the program counter, other instructions 
cannot modify the program counter at the same time. Two rules apply here: 


1) The last instruction in the block (or the only instruction in a block of 
size one) cannot be a Bcond, BR, DBcond, CALL, CALLcond, TRAP- 
cond, RETIcond, RETScond, IDLE, RPTB, or RPTS. Example 6—2 
shows an incorrectly placed standard branch. 


2) None of the last four instructions from the bottom of the block (or the 
only instruction in a block of size one) can be a BcondD, BRD, or 
DBconaD. Example 6-3 shows an incorrectly placed delayed branch. 


If either of these rules is violated, the PC will be undefined. 
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Example 6-2. Incorrectly Placed Standard Branch 


LDI 15,RC ; Load repeat counter with 15 


RPTB ENDLOP ; Execute block of code 
STLOOP ; f£rom STLOOP to ENDLOP 16 times 
ENDLOP BR OOPS ; This branch violates rule 1 


Example 6-3. Incorrectly Placed Delayed Branch 
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LDI Wiis pres «1s ; Load repeat counter with 15 
RPTB ENDLOP ; Execute block of code 

STLOOP . ¢ from STLOOP to ENDLOP 16 times 
BRD OOPS ; This branch violates rule 2 
ADDF 
MPYF 


ENDLOP SUBF 


Block repeats (RPTB) are nestable. Since all of the control is defined by the 
RS, RE, RC, and ST registers, these registers must be saved and stored in or- 
der to nest block repeats. The RM bit in the status register can be used to deter- 
mine if the block repeat mode is active. For example, if you write an interrupt 
service routine that requires the use of RPTB, it is possible that the interrupt 
associated with the routine may occur during another block repeat. The inter- 
rupt service routine can check the RM bit. If this bit is set, the interrupt routine 
saves RS, RE, RC, and ST. The interrupt routine can then perform a block re- 
peat. Before returning to the interrupted routine, the interrupt routine restores 
RS, RE, RC, and ST. If the RM bit is not set, you don’t need to save and restore 
these registers. 
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6.2 Delayed Branches 


The TMS320C3x offers two main types of branching: standard and delayed. 
Standard branches empty the pipeline before performing the branch; this guar- 
antees correct management of the program counter and results in a 
TMS320C3x branch taking four cycles. Includedin this class are repeats, calls, 
returns, and traps. 


Delayed branches on the TMS320C3x do not empty the pipeline, but rather 
guarantee that the next three instructions will execute before the program 
counter is modified by the branch. The result is a branch that requires only a 
single cycle, thus making the speed of the delayed branch very close to the op- 
timal block repeat modes of the TMS320C3x. However, unlike block repeat 
modes, delayed branches may be used in situations other than looping. Every 
delayed branch has a standard branch counterpart that is used when a 
delayed branch cannot be used. The delayed branches of the TMS320C3x are 
BconaD, BRD, and DBconaD. 


Conditional delayed branches use the conditions that exist at the end of the 
instruction immediately preceding the delayed branch. They do not depend 
upon the instructions following the delayed branch. The condition flags are set 
by a previous instruction only when the destination register is one of the exten- 
ded-precision registers (RO—R7) or when one of the compare instructions 
(CMPF, CMPF3, CMPI, CMPI3, TSTB, or TSTB3) is executed. Delayed 
branches guarantee that the next three instructions will execute, regardless 
of other pipeline conflicts. 


When a delayed branch is fetched, it remains pending until the three following 
instructions are executed. None of the three instructions that follow a delayed 
branch can be Bcond, BconaD, BR, BRD, DBcond, DBconaD, CALL, CALL- 
cond, TRAPcond, RETIcond, RETScond, RPTB, RPTS, or IDLE. (see 
Example 6-4). 


Delayed branches disable interrupts until the three instructions following the 
delayed branch are completed. This is independent of whether or not the 
branch is taken. 


If delayed branches are used incorrectly, the PC will be undefined. 


Example 6-4. Incorrectly Placed Delayed Branches 


Bl: BD Li 
NOP 


B2: B L2 ; This branch is incorrectly placed 
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6.3 Calls, Traps, and Returns 
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Calls and traps provide a means of executing a subroutine or function while 
providing a return to the calling routine. 


The CALL, CALLcond, and TRAPcond instructions store the value of the PC 
on the stack before changing the PC’s contents. The stack thus provides a 
return using either the RETScond or RETIcond instruction. 


Oh 


a 


The CALL instruction places the next PC value on the stack and places 
the src (source) operand into the PC. The srcis a 24-bit immediate value. 
Figure 6—2 shows CALL response timing. 


The CALLcondinstruction is similar to the CALL instruction (above) except 
that (1) it executes only if a specific condition is true (the 20 condi- 
tions — including unconditional — are listed in Section 10.2) and (2) the 
src is either a PC-relative displacement or in register addressing mode. 
The condition flags are set by a previous instruction only when the destina- 
tion register is one of the extended-precision registers (RO—R7) or when 
one of the compare instructions (CMPF, CMPF3, CMPI, CMPI3, TSTB, or 
TSTB3) is executed. 


The TRAP condinstruction also executes only if a specific condition is true 
(same conditions as for the CALLcond instruction). When executing, (1) 
interrupts are disabled with 0 written to bit GIE of the ST, (2) the next PC 
value is stored on the stack, and (3) a vector is retrieved from one of the 
addresses 20h to 3Fh and loaded into the PC. The particular address is 
identified by a trap number in the instruction. Using the RETIcondato return 
re-enables interrupts. 


RETScond returns execution from any of the above three instructions by 
popping the top of the stack to the PC. To execute, the specified condition 
must be true. Conditions are the same as for the CALLcond instruction. 


RETIcondreturns from traps or calls similar to the RETScond (above) with 
the addition that RETlIcond also sets the GIE bit of the Status Register 
which thus enables all interrupts whose enabling bit is set to 1. Conditions 
are the same as for the CALLcond instruction. 


Functionally, calls and traps accomplish the same task (i.e., a subfunction is 
called, executed, and control then returned to the calling function. Traps offer 
several advantages: 


1) 


2) 


Interrupts are automatically disabled when a trap is executed. This allows 
critical code to execute without risk of being interrupted. Thus, traps are 
generally terminated with a RETIcond instruction to re-enable interrupts. 


You can use traps to indirectly call functions. This is particularly beneficial 
when a kernel of code contains the basic subfunctions to be used by appli- 
cations. In this case, the functions in the kernel can be modified and relo- 
cated without recompiling each application. 
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Figure 6-2. CALL Response Timing 


Fetch First 
Store PC Instruction of 
| FetchCALL | | | onStack | CALL Routine | 


First Instruction 
Address 
Stack ¥ 


6-9 


interlocked Operations 


6.4 Interlocked Operations 


One of the most common multiprocessing configurations is the sharing of glob- 
al memory by multiple processors. In order for multiple processors to access 
this global memory and share data in a coherent manner, some sort of arbitra- 
tion or handshaking is necessary. This requirement for arbitration is the pur- 
pose of the TMS320C3x interlocked operations. 


The TMS320CS8x provides a flexible means of multiprocessor support with five 
instructions, referred to as interlocked operations. Through the use of external 
signals, these instructions provide powerful synchronization mechanisms. 
They also guarantee the integrity of the communication and result in a high- 
speed operation. The interlocked-operation instruction group is listed in 
Table 6-2. 


Table 6-2. Interlocked Operations 


F tinemenic [Description —=—~S*d;~SCSC poration ‘| 
LDFI Load floating-point value into a register, Signal interlocked 
interlocked src > dst 
LDI Load integer into a register, interlocked Signal interlocked 
src — dst 
SIGI En interlocked Signal interlocked 
Clear interlock 
STFI ee aad floating-point value to memory, src —> dst 
interlocked Clear interlock 
STII Store integer to memory, interlocked src > dst 
Clear interlock 


The interlocked operations use the two external flag pins, XFO and XF1. XFO 
must be configured as an output pin, and XF1 as an input pin. When configured 
in this manner, XFO signals an interlock operation request, and XF1 acts as an 
acknowledge signal for the requested interlocked operation. In this mode, XFO 
and XF1 are treated as active-low signals. 


The external timing for the interlocked loads and stores is the same as for stan- 
dard load and stores. The interlocked loads and stores may be extended like 
standard accesses by using the appropriate ready signal (RDY;jn4 or XRDYjn})- 
(RDYjnt and XRDY;,;¢ are a combination of external ready input and software 
wait states. Refer to Chapter 7, External Bus Operation, for more information 
on ready generation.) 


The LDFI and LDII instructions perform the following actions: 


1) | Simultaneously set XFO to 0 and begin a read cycle. The timing of XFO 
is similar to that of the address bus during a read cycle. 
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2) Execute an LDF or LDI instruction and extend the read cycle until XF1 
is set to 0 and a ready (RDYjpjz or XRDYjp}) is signalled. 


3) Leave XFO set to 0 and end the read cycle. 


The read/write operation is identical to any other read/write cycle except for the 
special use of XFO and XF1. The src operand for LDF! and LDII is always a di- 
rect or indirect memory address. XFO is setto 0 only if the srcis located off-chip; 
i.e., STRB, MSTRB, or IOSTRB is active, or the srcis one of the on-chip periph- 
erals. If on-chip memory is accessed, then XF0 is not asserted, and the opera- 
tion is as an LDF or LDI from internal memory. 


The STFI and STII instructions perform the following operations: 


1) Simultaneously set XFO to 1 and begina write cycle. The timing of XFO 
is similar to that of the address bus during a write cycle. 


2) Execute an STF or STlinstruction and extend the write cycle until a ready 
(RDYjnt OF XRDYjnz) is signaled. 


As in the case for LDFl and LDII, the dst of STFl and STII affects XFO. If dst 
is located off-chip (STRB, MSTRB, or IOSTRB is active) or the dst is one of 
the on-chip peripherals, XFO is set to a 1. If on-chip memory is accessed, then 
XFO is not asserted and the operations are as an STF or STI to internal 
memory. 


The SIGI instruction functions as follows: 

1) Sets XFO to 0. 

2) __Idles until XF1 is set to 0. 

3) Sets XFO to 1 and ends the operation. 


While the LDFI, LDII, and SIGI instructions are waiting for XF1 to be set to 0, 
you can interrupt them. LDFI and LDII require a ready signal (RDY;,; or 
XRDYijn}) in order to be interrupted. Because interrupts are taken on bus cycle 
boundaries (see Section 6.6), an interrupt may be taken any time after a valid 
ready. This allows you to implement protection mechanisms against deadlock 
conditions by interrupting an interlocked load that has taken too long. Upon re- 
turn from the interrupt, the next instruction is executed. The STFI and STII in- 
structions are not interruptible. Since the STFI and STII instructions complete 
when ready is signaled, the delay until an interrupt can occur is the same as 
for any other instruction. 


Interlocked operations can be used to implement a busy-waiting loop, to ma- 
nipulate a multiprocessor counter, to implement a simple semaphore mecha- 
nism, or to perform synchronization between two TMS320C3xs. The following 
examples illustrate the usefulness of the interlocked operations instructions. 
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Example 6-5 shows the implementation of a busy-waiting loop. If location 
LOCK is the interlock for a critical section of code, and a nonzero means the 
lock is busy, the algorithm for a busy-waiting loop can be used as shown. 


Example 6-5. Busy-Waiting Loop 


LDI 
Ll: LDII 


STII 


BNZ 


1,R0 


@LOCK, R1 


RO, @LOCK 


Ll 


~e Be Me Ne 


Put 1 in RO 


‘Interlocked operation begun 


Contents of LOCK — RI1 

Put RO (= 1) into LOCK, XFO = 1 
Interlocked operation ended 
Keep trying until LOCK = 0 


Example 6-6 shows how alocation COUNT may contain acount of the number 
of times a particular operation needs to be performed. This operation may be 
performed by any processor in the system. If the count is zero, the processor 
waits until it is nonzero before beginning processing. The example also shows 
the algorithm for modifying COUNT correctly. 


Example 6-6. Multiprocessor Counter Manipulation 


CT -OR 
LDITI 
BZ 


SUBI 
STII 


4,I0F 
@COUNT, R1 
CT 


1,R1 
R1, @COUNT 


. 
ta 

. 
ta 


. 
a 


. 
’ 
. 
cf 
. 
a 
a, 
e 
’ 


XFO = 1 ; 

Interlocked operation ended 
Interlocked operation begun 
Contents of COUNT — R1 

If COUNT = 0, keep trying 
Decrement R1 (= COUNT) 
Update COUNT, XFO = 1 
Interlocked operation ended 


Figure 6-3 illustrates multiple TMS320C3xs sharing global memory and using 
the interlocked instructions as in Example 6-7, Example 6-8, and 
Example 6-9. 
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XFO XF1 f XF 


TMS320C8x #1 TMS320C3x #2 


Sometimes it may be necessary for several processors to access some shared 
data or other common resources. The portion of code that must access the 
shared data is called a critical section. 


To ease the programming of critical sections, semaphores may be used. 
Semaphores are variables that can take only non-negative integer values. 
Two primitive, indivisible operations are defined on semaphores (with S being 
a semaphore): 


V(S): SsS+1i7S 
P(S): P: if (S == 0), go to P 


else S -17 8S 


‘ 


Indivisibility of V(S) and P(S) means that when these processes access and 
modify the semaphore S, they are the only processes accessing and modify- 
ing S. 


To enter a critical section, a P operation is performed on a common sema- 
phore, say S (S is initialized to 1). The first processor performing P(S) will be 
able to enter its critical section. All other processors are blocked because S 
has become 0. After leaving its critical section, the processor performs a V(S), 
thus allowing another processor to execute P(S) successfully. 
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The TMS320C3x code for V(S) is shown in Example 6-7, and code for P(S) 
is shown in Example 6-8. Compare the code in Example 6-8 to the code in 
Example 6-6. 


Example 6-7. Implementation of V(S) 


V: LDII @S,R0 ; Interlocked read of S begins (XPFO = 0) 
; Contents of S —> RO 
ADDI 1,R0 ; Increment RO (= S) 
STII RO,@S ; Update S, end interlock (XFO = 0) 


Example 6-8. Implementation of P(S) 


P: OR 4,10F ; End interlock (XFO = 1) 
LDII @S,R0O ; Interlocked read of S begins 
7 Contents of S — RO 
BZ P ; If S = 0, go to P and try again 
SUBI 1,R0 ; Decrement RO (= S) 
STII RO,@S ; Update S, end interlock (XFO = 1) 


The SIGI operation may be used to synchronize, at an instruction level, multi- 
ple TMS320C3xs. Consider two processors connected as shown in 
Figure 6—4. The code for the two processors is shown in Example 6-9. 
Figure 6-4. Zero-Logic Interconnect of TMS320C3xs 
TMS320C3x #1 TMS320C3x #2 


Processor #1 runs until it executes the SIGI. It then waits until processor #2 
executes a SIGI. At this point, the two processors have synchronized and con- 
tinue execution. . 
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Example 6-9. Code to Synchronize Two TMS320C3xs at the Software Level 


Time Code for TMS320C3x #1 Code for TMS320C3x #2 


oO ° ° 


SIGI 


(WAIT) 


©o0 0 0 G6 80 & 6 8 O 


° 
0 <t————Syynchronization Occurs SIGI 


°o 8 


_ 


6-15 


GRR a a RT EE LTT EE ELE EE OLE LTE EE EEL TOLELEELTE SST CLEELLEEE SESS SESS ESEEESSSCASSESEET EEE SSPSELESSEEEESERESESESS EOE SESECELEEELP ESS ESSE SEES 


6.5 Reset Operation 


The TMS320C3x supports a nonmaskable external reset signal (RESET), 
which is used to perform system reset. This section discusses the reset opera- 
tion. . | 


At powerup, the state of the TMS320C3x processor is undefined. You can use 
the RESET signal to place the processor in a known state. This signal must 
be asserted low for 10 or more H1 clock cycles to guarantee a system reset. 
H1 is an output clock signal generated by the TMS320C3x (see Chapter 13 for 
more information). 


Reset affects the other pins on the device in either asynchronous or asynchro- 
nous manner. The synchronous reset is gated by the TMS320C3x’s internal 
clocks. The asynchronous reset directly affects the pins, and is faster than the 
synchronous reset. Table 6-3 shows the state of the TMS320C3x’s pins after 
RESET = 0. Each pin is described according to whether the pin is reset syn- 
chronously or asynchronously. 


Table 6-3. Pin Operation at Reset 


[Signa [Pins [Operation atfeset 


| 
RDY Reset has no effect. 


Synchronous reset. Deasserted by going to a high level. 
IOSTRB Synchronous reset. Deasserted by going to a high level. 


a 
MCBL/MP 


Present only on TMS320C30 
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Table 6-3. Pin Operation at Reset (Continued) 


[Signal | #Pins | OperationatReset——SSS—=*d 
Serial Port 0 Signals (6 Pins) 

PoRO | 1 | _Asynchvonous reset, Placedin highmpedance sate, 
[ede [1 Taner ett Pad ighineedaes ie 
|TeLko _|_t__|_ Asynchronous reset. Placed in high-impedance state. 
Toki | 1 __ | Asynchronous reset. Placedin high impedance sate. | 


eee Reset has no effect. 
Vss(3 — 0) Reset has no effect. 


DVss(3 — 0) 2 Reset has no effect. 


a 


Reset has no effect. 
1 Synchronous reset. Will go to its initial state when RESET 
makes a 1 to 0 transition. See Appendix A. 
Synchronous reset. Will go to its initial state when RESET 
makes a 1 to 0 transition. See Appendix A. 


Tt Present only on TMS320C30 
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Table 6-3. Pin Operation at Reset (Continued) 


| Signal | #Pins | Operation at Reset 
Emulation, Test, and Reserved (18 Pins) 


Undefined. 


Tt Present only on TMS320C30 
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At system reset, the following additional operations are performed: 


C4 The peripherals are reset. This is asynchronous operation. The peripheral 
reset is described in Chapter 8. 


La The following CPU registers are loaded with zero: 
& ST (CPU status register) 
H JE (CPU/DMA interrupt enable flags) 
IF (CPU interrupt flags) 
& IOF (I/O flags) 


Gy The reset vector is read from memory location Oh and loaded into the PC. 
This vector contains the start address of the system reset routine. 


[i Execution begins. Refer to Section 11.1 for an example of a processor 
initialization routine. 


Multiple TMS320C3xs driven by the same system clock may be reset and syn- 
chronized. When the 1 to Otransition of RESET occurs, the processor is placed 
on a well-defined internal phase, and all of the TMS320C3xs will come up on 
the same internal phase. 
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6.6 Interrupts 


The TMS320C3x supports multiple internal and external interrupts, which can 
be used for a variety of applications. This section discusses the operation of 
these interrupts. 


A functional diagram of the logic used to implement the external interrupt inputs 
is shown in Figure 6—5; the logic for internal interrupts is similar. Additional in- 
formation regarding internal interrupts can be found in Chapter 8. 


Figure 6-5. Interrupt Logic Functional Diagram 


Internal Interrupt 
Set Signal EINTn(CPU) 


GIE(CPU) 


Interrupt 
Flag (n) 


INTn Internal To 
Interrupt Control 
| Processor Section 


Internal Interrupt 
Clear/Acknowledge 


Signal . 
EINTn(DMA) 


‘HI H3 H1 


External interrupts are synchronized internally, as illustrated by the three flip- 
flops clocked by H1 and H3. Once synchronized, the interrupt input will set the 
* corresponding interrupt flag register (IF) bit if the interrupt is active. 


External interrupts are latched internally on the falling edge of H1 (see the data 
sheet for timing information). An external interrupt must be held low for at least 
one H1/H3 cycle to be recognized by the TMS320C3x. Interrupts should be 
held low for only one or two H1 falling edges. If the interrupt is held low for three 
or more H1 falling edges, multiple interrupts may be recognized. 


6.6.1. Interrupt Control Bits 


When a particular interrupt is processed by the CPU or DMA controller, the cor- 
responding interrupt flag bit is cleared by the internal interrupt acknowledge 
signal. It should be noted, however, that if INTn is still low when the interrupt 
acknowledge signal occurs, the interrupt flag bit will be cleared only for one 
cycle and then set again because INTn is still low. Accordingly, it is theoretically 
possible that, depending on when the IF register is read, this bit may be zero 
even though INTn is zero. When the TMS320C3x is reset, zero is written to the 
interrupt flag register, thereby clearing all pending interrupts. 
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The interrupt flag register bits may be read and written under software control. 
Writing a1 to an IF register bit sets the associated interrupt flag to 1. Similarly, 
writing a 0 resets the corresponding interrupt flag to 0. In this way, all interrupts 
may be triggered and/or cleared through software. Since the interrupts flags 
may be read, the interrupt pins may be polled in software when an interrupt-dri- 
ven interface is not required. 


Internal interrupts operate in a similar manner. In the IF register, the bit corre- 
sponding to an internal interrupt may be read and written through software. 
Writing a 1 sets the interrupt latch, and writing a0 clears it. Allinternal interrupts 
are one H1/H3 cycle in length. 


The CPU global interrupt enable bit (GIE), located in the CPU status register 
(ST), controls all CPU interrupts. All DMA interrupts are controlled by the DMA 
global interrupt enable bit, which is not dependent upon ST(GIE) and is local 
to the DMA. The DMA global interrupt enable bit is dependent, in part, upon 
the state of the DMA SYNCH bits. It is not directly accessible through software 
(see Chapter 8). The AND of the interrupt flag bit and the interrupt enables is 
then connected to the interrupt processor. 


To provide for maximum performance in servicing interrupts, the interrupt ac- 
knowledge (IACK) instruction is provided. [ACK drives the IACK pin and per- 
forms a dummy read. The read is performed from the address specified by the 
IACK instruction operand. When IACK is used, it typically is placed in the early 
portion of an interrupt service routine. For certain applications, it may be better 
suited at the end of the interrupt service routine or be totally unnecessary. 


6.6.2 TMS320C3x Interrupt Considerations 


Give careful consideration to TMS320C3x interrupts, especially if user modifi- 
cations are made to the status register when the global interrupt enable (GIE) 
bit is set. This can result in the GIE bit being erroneously set or reset as de- 
scribed in the following paragraphs. 


The GIE bit is set to 0 (zero) by an interrupt. This may cause a processing error 
if any code following within two cycles of the interrupt recognition attempts to 
read or modify the status register. For example, if the status register is being 
pushed onto the stack, it will be stored incorrectly if an interrupt was acknowl- 
edged two cycles before the store instruction. 


When an interrupt signal is recognized, the TMS320C3x continues executing 
the instructions already in the read and decode phases in the pipeline. Howev- 
er, because the interrupt is acknowledged, the GIE bit is reset to 0, and the 
store instruction already in the pipeline will store the wrong status register val- 
ue. For example, if the program is something like: 
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PUSH 
LDI- 
NOP 
NOP 
AND 
POP 


NOP 

interrupt recognized --> LDI @V_ADDR, AR1 
MPYI *ARI1, RO 
PUSH ST 


POP st 


the PUSH ST instruction will save the ST contents in memory, which includes 
GIE = 0. Since the programmer expects GIE = 1, the POP ST instruction will 
put the wrong status register value into the ST. 


A similar situation may occur if the GIE bit=1 and an instruction executes that 
intends to modify the other status bits and leave the GIE bit set. In the above 
example, this erroneous setting would occur if the interrupt is recognized two 
cycles before the POP ST instruction. In that case, the interrupt would clear 
the GIE bit, but the execution of the POP instruction would set the GIE bit. Since 
the interrupt has been recognized, the interrupt service routine will be entered ~ 
with interrupts enabled, rather than disabled as expected. 


One solution is to make use of traps. For example, you can use TRAP 0 to reset 
GIE and use TRAP 1 to set GIE. This is accomplished by making TRAP 0 and 
TRAP 1 be the instructions RETS and RETI, respectively. 


Another alternative incorporates the following code fragment, which protects 
from modifying or saving of the status register by disabling interrupts through 
the interrupt enable register: 


Added instruction 
to avoid pipeline 


IE ; Save IE register e Added instructions to 
Oj. EBs: ; Clear IE register avoid pipeline problems. 
; e 2NOPs or useful instructions 
ODFFFh, ST ; Set GIE = 0 e Instruction that reads or 
IE ; writes to ST register. 


problems. 


6.6.3 TMS320C30 Interrupt Considerations 
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The TMS320C30 has two additional exceptions to the interrupt operation. 


1) The status register global interrupt enable (GIE) bit may be erroneously 
reset to 0 (disabled setting) if all of the following conditions are true: 


' {4 ~aconditional trap instruction (TRAPcond) has been fetched, 
Gk the condition for the trap is false, and 


LI a pipeline conflict has occurred, resulting in a delay in the decode or — 
read phases of the instruction. 


During the decode phase of a conditional trap, interrupts are temporarily 
disabled to guarantee that the trap will execute prior to a subsequent inter- 


Program Flow Control 


rupt. If a pipeline conflict occurs, causing a delay in execution of the condi- 
tional trap, the interrupt disabled condition may become the last known 
condition of the GIE bit..In the case that the trap condition is false, inter- 
rupts will be permanently disabled until the GIE bit is intentionally set. The 
condition does not present itself when the trap condition is true, because 
normal operation of the instruction causes the GIE to be reset, and stan- 
dard coding practice will set the GIE to a one before the trap routine is ex- 
ited. Several instruction sequences that may cause pipeline conflicts have 


been found: 

a) LDI mem, SP 
TRAPcond on 

b) LDI mem, SP 
NOP 
TRAPcond n 

C) STI SP,mem 
TRAPcond n 

d) STI Ru, *ARy 
LDI *ARE, Ry 

| | LDI *ARz,Rw 


TRAPcond n 


Other similar conditions may also cause a delay in the execution. There- 
fore, the following solution is recommended to avoid or rectify the problem. 


Insert two NOP instructions immediately prior to the TRAPcond instruc-. 
tion. One NOP is insufficient in some cases, as illustrated in case 2 above. 
This eliminates opportunity for any pipeline conflicts in the immediately 
preceding instructions and enables the conditional trap instruction to ex- | 
ecute without delays. 


2) Asynchronous accesses to the interrupt flag register (IF) may cause the 
TMS320C3x to fail to recognize and service an interrupt. This may occur 
when an interrupt is generated and is ready to be latched into the IF regis- 
ter on the same cycle that the IF is being written to by the CPU. 


The logic currently gives the CPU write priority; consequently, the asserted 
interrupt may be lost. This is particularly true if the asserted interrupt has 
been generated internally, such as a DMA interrupt. This situation may 
arise as a result of a decision to poll certain interrupts or a desire to clear 
pending interrupts due to along pulse width. For the case of the long pulse 
width, the interrupt may be generated after the CPU responds to the inter- 
rupt and attempts to automatically clear it by the interrupt vector process. 


The recommended solution is not to use the interrupt polling technique but 
to design the external interrupt inputs to have pulse widths between 1 and 
2 instruction cycles in length. The alternative to strict polling is to periodi- 
cally enable and disable the interrupts that would be polled, thereby allow- 
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ISR_n: 


ing the normal interrupt vectoring to take place; that automatically clears 
the interrupt flag without affecting other interrupts. In the event there is a 
need to clear a pending interrupt, it is recommended that a memory loca- 
tion be used to indicate that the interrupt is invalid. Then the interrupt ser- 
vice routine can read that location, clear it (if the pending interrupt is inval- 
id), and return immediately. The following code fragments show how a 
dummy interrupt due to a long interrupt pulse might be handled: 


ISR_n_START:. 


ISR_n_END: 


ST 

DP 

RO 

0, DP 
@DUMMY_INT, RO 
ISR_n_ START 
DP, @DUMMY_INT 


INT Fn, RO 

IF, RO 
ISR_n_END 

0, DP 

OFFFFh, RO 

RO, @DUMMY_INT 


“we Se Ne Ve Se Se Se Se Ne Me Fe 


Ne Ne 


we Se Me Ne Ne Ne 


we 


we Me Me 


Save registers 


Clear Data Page Pointer 

If DUMMY_INT is 0 or positive, 
go to ISR_n_START 

Set DUMMY_INT = 0 


Housekeeping, return from interrupt 


normal interrupt service routine 
code goes here 


If ones in IF reg match 
INT Fn, exit ISR 
Otherwise clear 

DP and set 


- DUMMY_INT negative & exit 


EXE LSR 
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6.6.4 Prioritization and Control 


The CPU controls all prioritization of interrupts (see Table 6—4 for reset and in- 
terrupt vector locations and priorities). Ifthe DMA is not using interrupts for syn- 
chronization of transfers, it will not be affected by the processing of the CPU 
interrupts. If the CPU is involved in a pipeline conflict (branch, register, or 
memory), it will not respond to the interrupts until that conflict is resolved. It is 
therefore possible to interrupt the CPU and DMA simultaneously with the same 
or different interrupts and, in effect, synchronize their activities. For example, 
it may be necessary to cause a high-priority DMA transfer that avoids bus con- » 
flicts with the CPU, i.e., make the DMA higher priority than the CPU. This may 
be accomplished by using an interrupt that causes the CPU to trap to an inter- 
ruptroutine that contains an IDLE instruction. Then if the same interruptis used 
to synchronize DMA transfers, the DMA transfer counter can be used to gener- 
ate an interrupt and, thus to return control to the CPU following the DMA trans- 
fer. 


Since the DMA and CPU share the same set of interrupt flags, the DMA may 
clear an interrupt flag before the CPU can respond to it. For example, if the CPU 


interrupts are disabled, the DMA can respond to interrupts and thus clear the 
associated interrupt flags. 


Table 6-4, Reset and Interrupt Vector Locations 


Reset or Vector Priority 
interrupt Location 
RESET Ye |e External reset signal input on the RESET 
pin. 


INTO External interrupt input on the INTO pin. 
INT1 External interrupt input on the INT1 pin. 
INT2 a a ee External interrupt input on the INT2 pin. 


XINTO 5 Internal interrupt generated when serial-port 
O transmit buffer is empty. 

RINTO Internal interrupt generated when serial-port 
0 receive buffer is full. 


2h 
3h 
4h 
5h 
i ae 
XINT1 t 7h 7 Internal interrupt generated when serial-port 
1 transmit buffer is empty. 
8h 
9h 
Ah 
Bh 


RINT1 T Internal interrupt generated when serial-port 
1 receive buffer is full. 
TINTO 


T Reserved on TMS320C31 
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If there is adelayed branch in the pipeline, interrupts are held pending until after 
the branch. If the interrupt occurs in the first cycle of the fetch of an instruction, 
the fetched instruction is discarded (not executed), and the address of that in- 
struction is pushed to the top of the system stack. If the interrupt occurs after 
the first cycle of the fetch, in the case of a multicycle fetch due to wait states, 
that instruction is executed and the address of the next instruction to be fetched 
is pushed to the top of the system stack. If no program fetch is occurring, then 
no new fetch is performed. After the address of the appropriate instruction has 
been pushed, the interrupt vector is fetched and loaded into the PC, and ex- 
ecution continues. . 


The TMS320C3x allows the CPU and DMA to respond to and process inter- 
rupts in parallel. Figure 6—6 shows interrupt processing flow. The interrupts are 
polled and the CPU and DMA begin processing them. In the interrupt flow per- 
taining to the CPU, the interrupt flag corresponding to the highest-priority en- 
abled interrupt is cleared, and GIE is set to 0. The CPU completes all fetched 
instructions. The interrupt vector is fetched and loaded into the PC, and the 
CPU continues execution. The DMA cycle is similar to that for the CPU. After 
the pertinent interrupt flag is cleared, the DMA proceeds according to the sta- 
tus of the SYNCH bits in the DMA global control register. 
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Figure 6-6. Interrupt Processing 
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Interrupt Set 
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Chapter 7 


External Bus Operation 


Memories and external peripheral devices can be accessed with two external 
interfaces on the TMS320C30: the primary bus and the expansion bus. On the 
TMS320C31, one bus, the primary bus, is available to access external memo- 
ries and peripheral devices. Wait-state generation, permitting access to slower 
memories and peripherals, can be controlled by manipulating memory- 
mapped control registers associated with the interfaces and by an external in- 
put signal. 


Major topics discussed in this hardware interface section are listed below. 


Ci ~=External Interface Control Registers (Section 7.1 on page 7-2) 


@ Primary bus 
@ Expansion bus 


C4 External Interface Timing (Section 7.2 on page 7-5) 
Ly Programmable Wait States (Section 7.3 on page 7-27) 
Cy ~=Programmable Bank Switching (Section 7.4 on page 7-29) 


7-1 


Exte 


ontrol Regi 


SS RS eB BS SR SS eS Se ae RS a SN SEL Soa CR SSL Sa eS ac 


sters ; 


7.1. External Interface Control Registers 


The TMS320C30 provides two external interfaces: the primary bus and the ex- 
pansion bus. The TMS320C31 provides one external interface: the primary 
bus. The primary bus consists of a 32-bit data bus, a 24-bit address bus, and 
a set of control signals. The expansion bus consists of a 32-bit data bus, a 
13-bit address bus, and a set of control signals. Both buses support software- 
controlled wait states and an external ready input signal, and both buses are 
useful for data, program, and I/O accesses. 


Access is determined by an active strobe signal (STRB, MSTRB, IOSTRB). 
When a primary bus access is performed, STRB is low. The expansion bus of 
the TMS320C30 supports two types of accesses: 


1) Memory access signalled by MSTRB low. The timing fora MSTRB access 
is the same as that of the STRB access on the primary bus. 


2) External peripheral device access is signaled by IOSTRB low. 


The primary bus and the expansion bus each have an associated control regis- 
ter. These registers are memory-mapped as shown in Figure 7—1. 


Figure 7-1. Memory-Mapped External Interface Control Registers 
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7.1.1. Primary-Bus Control Register 
The primary bus control register is a32-bit register that contains the control bits 


for the primary bus (see Figure 7—2). Table 7—1 lists the register bits with the 
bit names and functions. 


Figure 7-2. Primary-Bus Control Register 
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NOTE: xx =reserved bit, read as 0. 
R = read, W = write. 


Table 7-1. Primary-Bus Control Register Bits Summary 


Reset 
Value 


Hold status bit. This bit signals whether the port is being held 
(HOLDST = 1) or is not being held (HOLDST = 0). This status bit is 
valid whether the port has been held via hardware or software. 


HOLDST 


NOHOLD Port hold signal. NOHOLD allows or disallows the port to be held by 
an external HOLD signal. When NOHOLD = 1, the TMS320C3x takes 
over the external bus and controls it, regardless of serviced or pending 
requests by external devices. No hold acknowledge (HOLDA) is as- 
serted when a HOLD is received. However, itis asserted if an internal 


hold is generated (HIZ = 1). NOHOLD is set to 0 at reset. 


nie! Internal hold. When set (HIZ = 1), the port is put in hold mode. This 


is equivalent to the external HOLD signal. By forcing a high-impe- 
dance condition, the TMS320C3x can relinquish the external memory 
port through software. HOLDA goes low when the portis placed in the 
high-impedance state. HIZ is set to 0 at reset. 


Software wait mode. In conjunction with WTCNT, this 2-bit field de- 
fines the mode of wait-state generation. It is set to 1 1 at reset. 


Software wait mode. This 3-bit field specifies the number of cycles to 
use when in software wait mode for the generation of internal wait 
states. The range is zero (WTCNT = 00 0)toseven(WTCNT = 11 1) 
H1/HS cycles. It is set to 1 1 1 at reset. 


BNKCMP 10000 Bank compare. This 5-bit field specifies the number of MSBs of the 
address to be used to define the bank size. itis setto 10000 atreset. 


31 — 13] Reserved 
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7.1.2 Expansion-Bus Control Register 


The expansion bus control register is a 32-bit register that contains control bits 
for the expansion bus (see Figure 7-3 and Table 7-2). 


Figure 7-3. Expansion-Bus Control Register 
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R/W R/W R/W R/W R/W 


NOTE: xx = reserved bit, read as 0. 
R = read, W = write. 


Table 7-2. Expansion-Bus Control Register Bits Summary 


Reset 
Value 


|_2—0| Reserved | 000 | Readaso, 

4—3 SWW 11 Software wait-state generation. In conjunction with the WTCNT, 

; . this 2-bit field defines the mode of wait-state generation. It is set 
7—5 | WTCNT 111 

| wait states. The range is zero (WTCNT.= 0 0 0) to seven 

( WTCNT= 1 1 1) H1/H3 clock cycles. It is set to 1 11 at reset. 


to 1 1 at reset. 


Software wait mode. This 3-bit field specifies the number of cycles 
to use when in software wait mode for the generation of internal 
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7.2 External Interface Timing 


7.2.1 


This section discusses functional timing of operations on the primary bus and 
the expansion bus, the TMS320C3x’s two independent parallel buses. De- 
tailed timing specifications for all TMS320C3x signals are contained in Chap- 
ter 13, TMS320C3x Signal Descriptions and Electrical Characteristics. 


The parallel buses implement three mutually exclusive address spaces distin- © 
guished through the use of three separate control signals: STRB, MSTRB, and 
IOSTRB. The STRB signal controls accesses on the primary bus, and the 
MSTRB and IOSTRB control accesses on the expansion bus. Since the two 
buses are independent, two accesses may be made in parallel. 


With the exception of bank switching and the external HOLD function (dis- 
cussed later in this section), timing of primary bus cycles and MSTRB expan- 
sion bus cycles are identical and are discussed collectively. The acronym 
(M)STRB is used in references that pertain equally to STRB and MSTRB. Sim- 


_ ilarly, (X)R/W, (X)A, (X)D, and (X)RDY are used to symbolize the equivalent 


primary and expansion bus signals. The IOSTRB expansion bus cycles are 
timed differently and are discussed independently. 


Primary-Bus Cycles 


All bus cycles comprise integral numbers of H1 clock cycles. One H1 cycle is 
defined to be from one falling edge of H1 to the next falling edge of H1. For full- 
speed (zero wait-state) accesses, writes take two H1 cycles and reads take 
one cycle; however, if the read follows a write, the read takes two cycles. This 
applies to both the primary bus and the MSTRB expansion bus access. Recall 
that, internally (from the perspective of the CPU and DMA), writes require only 
one cycle if no accesses to that interface are in progress. The following discus- 
sions pertain to zero wait-state accesses unless otherwise specified. 


The (M)STRB signal is low for the active portion of both reads and writes, which 
lasts one H1 cycle. Additionally, before and after the active por- 
tion—(M)STRB low—of writes only, there is a transition cycle of H1. During 
this transition cycle, the following occur: 


1) (M)STRB is high. 
2) If required, (X)R/W changes state on H1 rising. 


3) If required, address changes on H1 rising if the previous H1 cycle was the 
. active portion of a write. If the previous H1 cycle was a read, address 
changes on H1 falling. 
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Figure 7-4 illustrates a read-read-write sequence for (M)STRB active and no 

wait states. The data is read as late in the cycle as possible to allow for the max- 

imum access time from address valid. Note that although external writes take 

two cycles, internally (from the perspective of the CPU and DMA), they require 

only one cycle if no accesses to that interface are in progress. In the typical tim- 

ing for all external interfaces, the (X)R/W strobe does not change until 
\ (M)STRB or lOSTRB goes inactive. 


Figure 7-4, Read-Read-Write for (M)STRB = 0 
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Figure 7—5 illustrates a write-write-read sequence for (M)STRB active and no 
wait states. The address and data written are held valid approximately one-half 
cycle after (M)STRB changes. . 


Figure 7-5. Write-Write-Read for (M)STRB = 0 
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Figure 7-6 illustrates a read cycle with one wait state. Since (X)RDY = 1, the 
read cycle is extended. (M)STRB, (X)R/W, and (X)A are also extended one 
cycle. The next time (X)RDY is sampled, it is 0. 


Figure 7-6. Use of Wait States for Read for (M)STRB = 0 


H3 ' 1 1 ‘ ' 1 Uy ' 


oe ae ee ae 
' ‘ ' : t ' ' ! 


7-8 External Bus Operation 


SS Se ST a SS SS ee esc es Se 


Figure 7-7 illustrates a write cycle with one wait state. Since initially (X)RDY = 
1, the write cycle is extended. (M)STRB, (X)R/W, and (X)A are extended one 
cycle. The next time (X)RDY is sampled, it is 0. 


Figure 7-7. Use of Wait States for Write for (M)STRB = 0 
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7.2.2 Expansion-Bus I/O Cycles 


In contrast to primary bus and MSTRB cycles, |OSTRB reads and writes are 
both two cycles in duration (with no wait states) and exhibit the same timing. 
During these cycles, address always changes on the falling edge of H1, and 
IOSTRB is low from the rising edge of the first H1 cycle to the rising edge of 
the second Hi cycle. The IOSTRB signal always goes inactive (high) between 
cycles, and XR/W is high for reads and low for writes. 


Figure 7-8 illustrates read and write cycles when lOSTRB is active and there 
are no wait states. For IOSTRB accesses, reads and writes require a minimum 
of two cycles. Some off-chip peripherals may change their status bits when 
read or written. Therefore, it is important that valid addresses be maintained 
when communicating with these peripherals. For reads and writes when 
IOSTRB is active, IOSTRB is completely framed by the address. 


| Figure 7-8. Read and Write for |OSTRB = 0 
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Figure 7-9 illustrates a read with one wait state when IOSTRB is active, and 
Figure 7-10 illustrates a write with one wait state when IOSTRB is active. For 

each wait state added, IOSTRB, XR/W, and XA are extended one clock cycle. 
Writes hold the data on the bus one additional cycle. The sampling of XRDY 
is repeated each cycle. 


Figure 7-9. Read With One Wait State for IOSTRB = 0 
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Figure 7-10. Write With One Wait-State for IOSTRB 
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Figure 7-11 through Figure 7-21 illustrate the various transitions between 
memory reads and writes, and I/O writes over the expansion bus. 


Figure 7-11. Memory Read and I/O Write for Expansion Bus 
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Figure 7-13. Memory Write and I/O Write for Expansion Bus 
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Figure 7-14. Memory Write and I/O Read for Expansion Bus 
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7-16. External Bus Operation 
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Figure 7-16. I/O Write and Memory Read for Expansion Bus 
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Figure 7-17. I/O Read and Memory Write for Expansion Bus 
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Figure 7-18. I/O Read and Memory Read for Expansion Bus 
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Figure 7-19. I/O Write and /O Read for Expansion Bus 
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Figure 7-20. 1/O Write and I/O Write for Expansion Bus 
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Figure 7-21. I/O Read and I/O Read for Expansion Bus 
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Figure 7-22 and Figure 7—23 illustrate the signal states when a bus is inactive 
(after an IOSTRB or (M)STRB access, respectively). The strobes (STRB, 
MSTRB, IOSTRB) and (X)RMW) go to 1. The address is undefined, and the 
ready signal (XRDY or RDY) is ignored. 


Figure 7-22. Inactive Bus States for IOSTRB ° 
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Figure 7—24 illustrates the timing for HOLD and HOLDA. HOLD is an external 
asynchronous input. There is a minimum of one cycle delay from the time when 
the processor recognizes HOLD = 0 until HOLDA = 0. When HOLDA = 0, the 
address, data buses, and associated strobes are placed in a high-impedance 
state. All accesses occurring over an interface are complete before a hold is 
acknowledged. 


Figure 7-24. HOLD and HOLDA Timing 
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7.3 Programmable Wait States 


Control wait-state generation by manipulating memory-mapped control regis- 
ters associated with both the primary and expansion interfaces. Use the 
WTCNT field to load an internal timer, and use the SWW field to select one of 
the following four modes of wait-state generation: 


fy External RDY 

Ch WTCNT-generated RDYwicnt 

Cs Logical-AND of RDY and RDYwtent 
[i Logical-OR of RDY and RDYwtcnt 


The four modes are used to generate the internal ready signal, RDYjp¢, that 
controls accesses. As long as RDY;n = 1, the current external access is 
delayed. When RDYjp} = 0, the current access completes. Since the use of 
programmable wait states for both external interfaces is identical, only the pri- 
mary bus interface is described in the following paragraphs. 


RDYwient is an internally generated ready signal. When an external access is 
begun, the value in WTCNT is loaded into acounter. WTCNT may be any value 
from 0 through 7. The counter is decremented every H1/H3 clock cycle until 
it becomes 0. Once the counter is set to 0, it remains set to 0 until the next ac- 
cess. While the counter is nonzero, RDYwicnt = 1. While the counter is 0, 
RDYwient = 0. 
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When SWW =0 0, RDY;,; is dependent only upon RDY. RDYwient is ignored. 
The truth table for this mode is Table 7-3. 


Table 7-3. Wait-State Generation When SWW =00 


| RDY DY 


When SWW = 0 1, RDYjp; is dependent only upon RDYwtent- RDY is ignored. 
Table 7—4 is the truth table for this mode. 


Table 7-4. Wait-State Generation When SWW = 0 1 


When SWW = 1 0, RDYint is the logical-OR (electrical-AND, since these 
signals are low true) of RDY and RDY vient (see Table 7-5). 


Table 7-5. Wait-State Generation When SWW = 1 0 


0 
0 
1 


When SWW = 1 7, RDYint is the logical-AND (electrical-OR, since these 
signals are low true) of RDY and RDYwicnt. The truth table for this mode is 
Table 7-6. 


Table 7-6. Wait-State Generation When SWW = 7 1 
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7.4 Programmable Bank Switching 


Programmable bank switching allows you to switch between external memory 
banks without externally inserting wait states due to memories that require sev- 
eral cycles to turn off. Bank switching is implemented on the primary bus and 
not on the expansion bus. 


The size of a bank is determined by the number of bits specified to be ex- 
amined. For example (see Figure 7-25), if BNKCMP =16, the 16 MSBs of the 
address are used to define a bank. Since addresses are 24 bits, the bank size 
is specified by the 8 LSBs, yielding a bank size of 256 words. If BNKCMP 2 16, 
only the 16 MSBs are compared. Bank sizes from 28 = 256 to 224 = 16M are 
allowed. Table 7—7 summarizes the relationship between BNKCMP, the ad- 
dress bits used to define a bank, and the resulting bank size. 


Figure 7-25. BNKCMP Example 
_—_—__$$_____—_—_____— 24-bit address ——_—_—} 
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Table 7-7. BNKCMP and Bank Size 


BNKCMP MSBs Defining a Bank Bank Size (32-Bit Words) 


00000 None . 224.. 16M 
00001 23 223. 8M 
00010 23—22 . 222. 4M 
00011 23— 21 221 2M 
00100 23—20 220-1M 
00101 23—19 219_ 512K 
00110 23— 18 218. 256K 
00111 23—17 217. 128K 
01000 23—16 216. 64K 
01001 23—15 215. 32K 
01010 23—14 214. 16K 
01011 23—13 213~ 8K 
01100 23—22 212. 4K 
01101 23— 11 211- 2K 
01110 23—12 210. 1K 
01111 23—9 29 = 512 
10000 23—8 28 = 256 
10000 —11111 Reserved Undefined 
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The TMS320C3x has an internal register that contains the MSBs (as defined 
by the BNKCMF field) of the last address used for a read or write over the pri- 
mary interface. At reset, the register bits are set to zero. If the MSBs of the ad- 
dress being used for the current primary interface read do not match those con- 
tained in this internal register, a read cycle is not asserted for one H1/H3 clock 
cycle. During this extra clock cycle, the address bus switches over to the new 
address, but STRB is inactive (high). The contents of the internal register are 
replaced with the MSBs being used for the current read of the current address. 
if the MSBs of the address being used for the current read match the bits in 
the register, a normal read cycle takes place. 


lf repeated reads are performed from the same memory bank, no extra cycles 
are inserted. When aread is performed from adifferent memory bank, memory — 
conflicts are avoided by the insertion of an extra cycle. This feature can be dis- 
abled by setting BNKCMP to 0. The insertion of the extra cycle occurs only 
when a read is performed. The changing of the MSBs in the internal register 
occurs for all reads and writes over the primary interface. 


Figure 7-26 illustrates the addition of an inactive cycle when switches between 
banks of memory occur. 


Figure 7-26. Bank Switching Example 
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Peripnerals 


The TMS320C3x features two timers, two serial ports (one on the 
TMS320C31), and an on-chip Direct Memory Access (DMA) controller. These 
peripheral modules are controlled through memory-mapped registers located 
on the dedicated peripheral bus. 


The DMA controller is used to perform input/output operations without interfer- 
ing with the operation of the CPU. Therefore, it is possible to interface the 
TMS320C3x to slow external memories and peripherals (A/Ds, serial ports, 
etc.) without reducing the computational throughput of the CPU. The result is 

improved system performance and decreased system cost. , 


Major topics discussed in this chapter on peripherals are listed below. 


C4 Timers (Section 8.1 on page 8-2) 
Registers 
fH Pulse generation 
Operation modes 

Ly Serial Ports (Section 8.2 on page 8-12) 
HM Registers 
H =Operation configurations 
m@ Timing 
Examples 

Ci DMA Controller (Section 8.3 on page 8-38) 
@ Registers 
= =DMA memory transfer operation 


H = Synchronization of DMA channels 


8.1 


Timers 


The TMS320C3x timer modules are general-purpose, 32-bit, timer/event 
counters, with two signaling modes and internal or external clocking (see 
Figure 8—1). The timer modules can be used to signal to the TMS320C3x or 
the external world at specified intervals, or to count external events. With an 


internal clock, the timer can be used to signal an external A/D converter to start 


aconversion, or it can interrupt the TMS320C3x DMA controller to begin adata 
transfer. The timer interrupt is one of the internal interrupts. With an external 
clock, the timer can count external events and interrupt the CPU after a speci- 
fied number of events. Available to each timer is an I/O pin that can be used 
as an input clock to the timer, an output clock signal, or a general-purpose I/O 
pin. 


Figure 8-1. Timer Block Diagram 
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Three memory-mapped registers are used by each timer: 

L4 =Global-control register . 

Ch Period register 

fi Counier register 

The global-control register determines the operating mode of the timer, 


monitors the timer status, and controls the function of the I/O pin of the timer. 


Peripherals 


The period register specifies the timer’s signaling frequency. The counter 
register contains the current value of the incrementing counter. The timer can 
be incremented on the rising edge or the falling edge of the input clock. The 
counter is zeroed and can cause an internal interrupt whenever its value equals 
that in the period register. The pulse generator generates two types of external 
clock signals: pulse or clock. The memory map for the timer modules is shown 
in Figure 8-2. 


Figure 8-2. Memory-Mapped Timer Locations 


Register Peripheral Address 

Timer 0 Timer 1 
g08020h g08030h 
08021 808031 
g08023h g08033h 
808026h 808035h 
g08026h g08036h 
08027h 808037h 
808029n g08039h 
0802Dh 808030 
0802Fh 80803Fh 


8.1.1. Timer Global-Control Register 


The timer global control register is a 32-bit register that contains the global and 
port control bits for the timer module. Table 8-1 defines the register bits, 
names, and functions. Bits 3 — 0 are the port contro! bits; bits 11 — 6are the 
timer global control bits. Figure 8-3 shows the 32-bit register. Note that at re- 
set, all bits are set to 0 except for DATIN (set to the value read on TCLK). 
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Figure 8-3. Timer Global-Control Register 
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Table 8-1. Timer Global-Control Register Bits Summary 
[Resetvaue | ——~SCS~S~S~ nti 


FUNC controls the function of TCLK. If FUNC =0, TCLK is configured 
as ageneral-purpose digital I/O port. If FUNC = 1, TCLKis configured 
as a timer pin (see Figure 8-7 for a description of the relationship 
between FUNC and CLKSRC). 


lf FUNC = 0 and CLKSRC = 0, TCLK is configured as a general-pur- 
pose 1/O pin. In this case, if 1/O = 0, TCLK is configured as a general- 
purpose input pin. If /O = 1, TCLK is configured as a general-purpose 
output pin. ; 


DATOUT drives TCLK when the TMS320CSx is in I/O port mode. 
DATOUT can also be used as an input to the timer. 
DATIN Data input on TCLK or DATOUT. A write has no effect. 


Reserved Read as 0. ; 


The GO bit resets and starts the timer counter. When GO = 1 and the 
timer is not held, the counter is zeroed and begins incrementing on the 
next rising edge of the timer input clock. The GO bit is cleared on.the 
same rising edge. GO = 0 has no effect on the timer. 


Counter hold signal. When this bit is zero, the counter is disabled and 
held in its current state. If the timer is driving TCLK, the state of TCLK 
is also held. The internal divide-by-two counter is also held so that the 
counter can continue where it left off when HLD is set to 1. The timer 
registers can be read and modified while the timer is being held. 
RESET has priority over HLD. Table 8-2 shows the effect of writing 
to GO and HLD. 


Clock/Pulse mode control. When C/P = 1, clock mode is chosen, and 
the signaling of the status flag and external output will have a 50 
percent duty cycle. When C/P = 0, the status flag and external output 
will be active for one Hi cycle during each timer period (see 
Figure 8-4). 


Specifies the source of the timer clock. When CLKSRC = 1, aninternal 
clock with frequency equal to one-half the H1 frequency is used to in- 
crement the counter. The INV bit has no effect on the internal clock 
source. When CLKSRC = 0, an external signal from the TCLK pincan 
be used to increment the counter. The external clock is synchronized 
internally, thus allowing external asynchronous clock sources that do 
not exceed the specified maximum allowable external clock frequen- 
cy. This will be less than f(H1)/2. (See Figure 8-7 for a description of 
the relationship between FUNC and CLKSRC). 
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Timer Global-Control Register Bits Summary (Continued) 
[sie [Name [ resstvatve [ution 


Inverter control bit. If an external clock source is used and INV = 1, the 
external clock is inverted as it goes into the counter. If the output of the 
pulse generator is routed to TCLK and INV = 1, the output is inverted 
before it goes to TCLK (see Figure 8-1). If INV = 0, no inversion is 
performed on the input or output of the timer. The INV bit has no effect, 
regardless of its value, when TCLK is used in I/O port mode. 


This bit indicates the status of the timer. It tracks the output of the 
uninverted TCLK pin. This flag sets a CPU interrupt on a transition from 
0 to 1. A write has no effect. 


aie] Reseed | 60 [Redes SSS 


Table 8—2 shows the result of a write using specified values of the GO and HLD 
bits in the global control register. 


Result of a Write of Specified Values of GO and HLD 


ee eee All timer operations are held. No reset is performed. (Reset value) 


Timer proceeds from state before write. 


1 All timer operations are held, including zeroing of the counter. The GO bit 
is not cleared until the timer is taken out of hold. 


Timer resets and starts. 


Timers 
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8.1.2 Timer Period and Counter Registers 


The 32-bit timer period register is used to specify the frequency of the timer sig- 
naling. The timer counter register is a 32-bit register, which is reset to zero 
whenever it increments to the value of the period register. Both registers are 
set to 0 at reset. 


Certain boundary conditions affect timer operation, such as a zero in the period 
register and an overflow of the counter. These conditions are listed as follows: 


L4 When the period and counter registers are zero, the operation of the timer 
is dependent upon the C/P mode selected. In pulse mode (C/P = 0), 
TSTAT is set and remains set. In clock mode (C/P = 1), the width of the 
cycle is 2/f(H1), and the external clocks are ignored. 


Cy =When the counter register is not 0 and the period register = 0, the counter 
will count, roll over to 0, and then behave as described above. 


Ci When the counter register is set to a value greater than the period register, 
the counter may overflow when being incremented. Once the counter 
reaches its maximum 32-bit value (OFFFFFFFFh), it simply clocks over to 
0 and continues. 


Writes from the peripheral bus override register updates from the counter 
and new status updates to the control register. 


8.1.3. Timer Pulse Generation 


The timer pulse generator (see Figure 8—1) can generate several different ex- 
ternal signals. These signals may be inverted with the INV bit. The two basic 
modes are pulse mode and clock mode, as shown in Figure 8-4. In both 
modes, an internal clock source has a frequency of f(H1)/2, and an external 
clock source has a maximum frequency of f(H1)/2.6. Refer to timer timing in 
Appendix A. In pulse mode (C/P = 0), the width of the pulse is 1/f(H1). 
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Figure 8-4. Timer Timing 
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The rate of timer signaling is determined by the frequency of the timer input 
clock and the period register. The following equations are valid with either an 
internal or an external timer clock: 


f(pulse mode) = f(timer clock) / period register 
f(clock mode) = f(timer clock) / (2 x period register) 


Figure 8-5 provides some examples of the TCLKx output when the period reg- ° 
ister is set to various values and clock or pulse mode is selected. 
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Figure 8-5. Timer Output Generation Examples 
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(b) INV =0, C/P =0 (Pulse Mode) 
Timer Period = 2 


la— 4H1 —B 
Hi) | 


(c) INV =0, C/P =0 (Pulse Mode) 
Timer Period = 3 


(d) INV=0,C/P=1 (Clock Mode) 
Timer Period = 0 


(e) INV =0, C/P =1 (Clock Mode) 
Timer Period = 1 


(f) INV=0,C/P =1 (Clock Mode) 
Timer Period = 2 


8-8 | Peripherals 


irr aececeareeectonataeutstoeantagascssesensttaeniaeese sandanansenianizaandsenesnasedeceedoecsnocncees 


8.1.4 Timer Operation Modes 


The timer can receive its input and send its output in several different modes, 
depending upon the setting of CLKSRC, FUNC, and I/O. The four timer modes 
of operation are defined as follows: 


a 


If CLKSRC = 1 and FUNC = 0, the timer input comes from the internal 
clock. The internal clock is not affected by the INV bit. In this mode, TCLK 
is connected to the I/O port control and can be used as a general-purpose 
I/O pin (see Figure 8-6). If /O = 0, TCLK is configured as a general-pur- 
pose input pin whose state can be read in DATIN. DATOUT has no effect 
on TCLK or DATIN. If I/O = 1, TCLK is configured as a general-purpose 
output pin. DATOUT is placed on TCLK and can be read in DATIN. 


Figure 8-6. Timer l/O Port Configurations 


Ch 


| 
Internal | External 
| 
| 
DATOUT (NC) ———© TCLK 
| 
DATIN. 
0 =0 
(a) 
| i 
Internal | External 
| 
OATOUT | TCLK 
| 
DATIN 
/O= 


lf CLKSRC = 1 and FUNC = 1, the timer input comes from the internal 
clock, and the timer output goes to TCLK. This value may be inverted using 
INV, and the value output on TCLK can be read in DATIN. 


If CLKSRC = 0 and FUNC = 0, the timer is driven according to the status 
of the I/O bit. If I/O = 0, the timer input comes from TCLK. This value can 
be inverted using INV, and the value of TCLK can be read in DATIN. If I/O 
= 1, TCLK is an output pin. Then, TCLK and the timer are both driven by 
DATOUT. All 0-to-1 transitions of DATOUT increment the counter. INV has 
no effect on DATOUT. The value of DATOUT can be read in DATJIN. 


If CLKSRC = 0 and FUNC = 1, TCLK drives the timer. If INV =0, all 0-to-1 
transitions of TCLK increment the counter. If INV = 1, all 1-to-0 transitions 
of TCLK increment the counter. The value of TCLK can be read in DATIN. 
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Figure 8—7 shows the four timer modes of operation. 


Figure 8-7. Timer Modes as Defined by CLKSRC and FUNC 


Internal | External 
Timer 


Internal : 
Timer Out l TCLK 
| 
/O Port 
Control 


CLKSRC = 1 (Internal) 


FUNC = 0 (I/O Pin) 
(a) 


TSTAT 


Timer Internal | External 
Timer Out 
1/O Port 
Control 


CLKSRC = 0 (External) 


FUNC = 0 (I/O Pin) 
(c) 


8.1.5 Timer Interrupts 


‘Internal | External 


Timer 


Internal l 
Clock 
> TCLK 


TSTAT DATIN 


CLKSRC = 1 (Internal) 
FUNC = 1 (Timer Pin) 
(b) 


Timer Internal | External 
a- TCLK 


CLKSRC = 0 (External) 
FUNC = 1 (Timer Pin) 
(d) 


A timer interrupt is generated whenever the timer automatically resets the tim- 
er counter register to zero. The timer counter register is automatically reset to 
zero whenever it is equal to or greater than the value in the timer period register. 
The timer interrupt can be used to interrupt either the CPU or the DMA. Inter- 
rupt enable control for each timer, for either the CPU or the DMA, is found in 
the CPU/DMA interrupt enable register. Refer to subsection 3.1.8 for more in- 
formation on the CPU/DMA interrupt enable register. 


When a timer interrupt occurs, a change in state of the corresponding TCLK 
pin will be observed if the FUNC = 1 and CLKSRC = 1 inthe timer global-control 
register. The exact change of state depends on the state of the C/P bit. 
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8.1.6 Timer Initialization/Reconfiguration 


The timers are controlled through memory-mapped registers located on the 
dedicated peripheral bus. A general procedure for initializing and/or reconfi- 
guring the timers follows: 


1) Halt the timer by clearing the GO/HLD bits of the timer global-control regis- 
ter. This can be accomplished by writing a0 to the timer global-control reg- 
ister. Note that the timers are halted on RESET. 


2) Configure the timer via the timer global-control register (with GO = HLD 
= 0), as well as the timer counter register and timer period register, if nec- 
‘essary. 


3) Start the timer by setting the GO/HLD bits of the timer global-control regis- 
ter. 
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The TMS320C30 has two totally independent bidirectional serial ports. Both 
serial ports are identical with a complementary set of control registers in each 
one. Only one serial port is available on the TMS320C31. Each serial port can 
be configured to transfer 8, 16, 24, or 32 bits of data per word simultaneously 
in both directions. The clock for each serial port can originate either internally, 
via the serial port timer and period registers, or externally, via a supplied clock. 
Aninternally generated clock is a divide-down of the clockout frequency, f(H1). 
Acontinuous transfer mode is available, which allows the serial portto transmit 
and receive any number of words without new synchronization pulses. 


Eight memory-mapped registers are provided for each serial port: 
Global-control register 
Two control registers for the six serial I/O pins 


Three receive/transmit timer registers 


Oooo og 


Data-transmit register 


Gy Data-receive register 


The global-control register controls the global functions of the serial port and 
determines the serial-port operating mode. Two port control registers control 
the functions of the six serial port pins. The transmit buffer contains the next 
complete word to be transmitted. The receive buffer contains the last complete 
word received. Three additional registers are associated with the transmit/re- 
ceive sections of the serial-port timer. A serial-port block diagram is shown in 
Figure 8-8, and the memory map of a serial port is shown in Figure 8-9. 
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Figure 8-8. Serial-Port Block Diagram 
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Figure 8-9. Memory-Mapped Locations for the Serial Port 


Register Peripheral Address 
Serial Serial 
Port 0 Port 1t 


Reserved 80804Fh 80805Fh 


tT Reserved locations on the TMS320C31 


8.2.1. Serial-Port Global-Control Register 
The serial-port global-control register is a 32-bit register that contains the glob- 


al control bits for the serial port. Table 8~3 defines the register bits, bit names, 
and bit functions. The register is shown in Figure 8—10. 
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Figure 8-10. Serial-Port Global-Control Register 


31 30 29 28 


NN A 


RW RW RW RW RW R/W 
15 14 13 


11 
DXP } CLKRP§CLKXP] RFSM|XFSMJ RVAREN | XVAREN § RCLK § XCLK | HS} RSR XSR | FSXOUT] XRDY | RRDY 
SRCE | SRCE FULL] EMPTY 
RAW RAW RW RW RW RW R/W RW R 


NOTE: xx = Reserved bit, read as 0. 
R =read, W = write. 


Table 8-3. Serial-Port Global-Control Register Bits Summary 


lf RSRFULL = 1, an overrun of the receiver has occurred. In continuous mode, 
RSRFULL is set to 1 when both RSR and DRR are full. In noncontinuous mode, 
RSRFULL is set to 1 when RSR and DRR are full and anew FSR is received. Aread 


Pit [Name | ResetValue | ——=—=SS~S~S~*~SRnatioms =SSCSC~*~‘~* 
RRDY If RRDY = 1, the receive buffer has new data andis ready to be read. A three H1/H3 
cycle delay occurs from the reading of DRR to RRDY = 1. The rising edge of this sig- 
1 XRDY 1 
mit shifter until XRDY is setto 1. The rising edge of this signal sets XINT. lf XRDY =0, 
the transmit buffer has not written the last bit of data to the transmit shifter and is not 
, ready for a new word. XRDY = 1 at reset. 
causes this bit to be set to 0. This bit can be set to 0 only by a system reset, a serial 
XCLKSRCE If XCLKSRCE = 1, the internal transmit clock is used. If XCLKSRCE = 0, the external 
transmit clock is used. 
RCLKSRCE If RCLKSRCE = 1, the internal receive clock is used. If RCLKSRCE = 0, the external 
receive Clock is used. 
XVAREN This bit specifies fixed (XVAREN = 0) or variable (XVAREN = 1) data rate signaling 
when transmitting. With a fixed data rate, FSX is active for at ee one XCLK cycle 
and then goes inactive before transmission begins. With variable data rate, FSX is 
active while all bits are being transmitted. When you use an external FSX and vari- 
able data rate signaling, the DX pinis driven by the transmitter when FSX is held ac- 
tive or when a word is being shifted out. 


nal sets RINT. lf RRDY= 0 at reset, the receive buffer does not have new data since 
FSXOUT | 0 _| Thisbitconfigures the FSX pin as an input (FSXOUT =0) oran output (FSXOUT = 1). 
port receive reset (RRESET = 1), or aread. When the receiver tries to set RSRFULL 
- RVAREN sf This bit specifies fixed (RVAREN = 0) or variable (RVAREN = 1) data rate signaling 


the last read. RRDY = 0 at reset and after the receive buffer is read. 
If XRDY = 1, the transmit buffer has written the last bit of data to the shifter and is 
3 XSREMPTY If XSREMPTY =0, the transmit shift register is empty. If XSREMPTY = 1, the transmit 
shift register is not empty. Reset or XRESET causes this bit to = 0. 
4 RSRFULL 
to a1 atthe same time that the global register is read, the receiver will dominate and 
RSRFUuLL is set to 1. If RSRFULL = 0, no overrun of the receiver has occurred. 
when receiving. With a fixed data rate, FSR is active for at least one RCLK cycle and 
then goes inactive before the reception begins. With variable datarate, FSR is active 


ready for anew word. A three H1/H3 cycle delay occurs from the loading of the trans- 
15 | HS |  o | If HS =1, the handshake mode is enabled. If HS = 0, the handshake mode is disabled. 
while all bits are being received. 
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Table 8-3. Serial-Port Global-Control Register Bits Summary (Continued) 


Transmit frame sync mode. Configures the port for continuous mode opera- 
tion(XFSM = 1) or standard mode (XFSM = 0). Incontinuous mode, only the first word 
of a block generates a sync pulse, and the rest are simply transmitted continuously 
to the end of the block. In standard mode, each word has an associated sync pulse. 


Receive frame sync mode. Configures the port for continuous mode (RFSM =1) or 
standard mode (RFSM = 0) operation. In continuous mode, only the first word of a 
block generates a sync pulse, and the rest are simply received continuously without 
expectation of another sync pulse. In standard mode, each word received has an 
associated sync pulse. 


CLKX polarity. If CLKXP = 0, CLKX is active high. If CLKXP = 1, CLKX is active low. 
CLKR polarity. If CLKRP = 0, CLKR is active high. If CLKRP =1, CLKR is active low. 
DX polarity. If DXP = 0, DX is active high. If DXP = 1, DX is active low. 
DR polarity. lf DRP = 0, DR is active high. If DRP = 1, DR is active low. 
FSX polarity. lf FSXP = 0, FSX is active high. If FSXP = 1, FSX is active low. 
FSR polarity. lf FSRP = 0, FSR is active high. If FSRP = 1, FSR is active low. 


These two bits define the word length of serial data transmitted. All data is assumed 
to be right-justified in the transmit buffer when fewer than 32 bits are specified. 


0 0--- 8 bits 1 0--- 24 bits 
0 1--- 16 bits 1 1 --- 32 bits 


These two bits define the word length of serial data received. All datais right-justified 
in the receive buffer. 


0 0--- 8 bits 1 0--- 24 bits 
0 1--- 16 bits 1 1--- 32 bits 


Transmit timer interrupt enable. If XTINT = 0, the transmit timer interrupt is disabled. 
If XTINT = 1, the transmit timer interrupt is enabled. 


fox? 
[oRP 
a 
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Transmit interrupt enable. If XINT = 0, the transmit interrupt is disabled. If XINT= 1, 
the transmit interrupt is enabled. Note that the CPU transmit interrupt flag XINT is 
the logical OR of the enabled transmit timer interrupt and the enabled transmit inter- 
rupt. 


Receive timer interrupt enable: If RTINT = 0, the receive timer interrupt is disabled. 
If RTINT = 1, the receive timer interrupt is enabled. 


Receive interrupt enable. If RINT = 0, the receive interrupt is disabled. If RINT= 1 
the receive interrupt is enabled. Note that the CPU receive interrupt flag RINT is the 
OR of the enabled receive timer interrupt and the enabled receive interrupt. 


Transmit reset. If XRESET = 0, the transmit side of the serial port is reset. To take 
the transmit side of the serial port out of reset, set XRESET to 1. However, do not 
set XRESET to 1 until atleast three cycles after XRESET goes inactive. This applies 
only to system reset. Setting XRESET to 0 does not change the contents of any of 
the serial-port control registers. It places the transmitter in a state corresponding to 
the beginning of a frame of data. Resetting the transmitter generates a transmit inter- 
rupt. Reset this bit during the time the mode of the transmitter is set. XFSM can be 
toggled without resetting the global-control register. 
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Table 8-3.  Serial-Port Global-Control Register Bits Summary (Concluded) 
[Bit_[ Name | ResetVaiue | ——~S~S~S ction —SSSC~=~“—~*~*~*~S~S 


27 RRESET Receive reset. If RRESET = 0, the receive side of the serial port is reset. To take 
the receive side of the serial port out of reset, set RRESET to 1. Setting RRESET 
to 0 does not change the contents of any of the serial-port control registers. It places 
the receiver in a state corresponding to the beginning of a frame of data. Reset this 
bit at the same time the mode of the receiver is set. RFSM can be toggled without 
resetting the global-control register. 


31 —28|Reseved| 0-0 | Readasa.SSOSOCSCSCSCSCSC“~SsS*~CS~s~CSsS 


8.2.2 FSX/DX/CLKX Port Control Register 


This 32-bit port control register controls the function of the serial port FSX, DX, 
and CLKX pins. At reset, all bits are set to 0. Table 8—4 defines the register bits, 
bit names, and functions. Figure 8—11 shows this port control register. 


Figure 8-11. FSX/DX/CLKX Port Control Register 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 


14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
a a xx FSX FSX FSX | FSX DX DX DX DX CLKX CLKX CLKX | CLKX 
: DATIN | DATOUT vo FUNC DATIN DATOUT VO | FUNC | DATIN DATOUT vO: | FUNC 
R R/W R/W R/W R R/W RAW RW. R R/W R/W R/W 


NOTE: Xx = reserved bit, read as 0. 
R =read, W = write. 


Table 8-4. FSX/DX/CLKX Port Control Register Bits Summary 
Bi [Name | Resetvaue[—~=S~Samation—SSCS~S~S~S~CS™Y 


CLKXFUNC CLKXFUNC controls the function of CLKX. If CLKXFUNC = 0, CLKX is confi- 
gured as ageneral-purpose digital !/O port. If CLKXFUNC = 1, CLKXis a serial 
CLKXI/O . 


port pin. 
CLKXDATOUT 


feted 
ai Sad 

Hi ail 
fee 2 | feces 


If CLKX I/O = 0, CLKX is configured as a general-purpose input pin. If CLKX 
I/O = 1, CLKX is configured as a general-purpose output pin. 


Data output on CLKX. 
Data input on CLKX. A write has no effect. 


DXFUNC controls the function of DX. If DXFUNC = 0, DX is configured as a 
general-purpose digital !/O port. If DXFUNC = 1, DX is a serial port pin. 


If DX 1/0 = 0, DX is configured as a general-purpose input pin. If DX I/O = 1, 
DX is configured as a general-purpose output pin. 


Data output on DX. 
Data input on DX. A write has no effect. 


FSXFUNC controls the function of FSX. lf FSXFUNC = 0, FSX is configured 
as a general-purpose digital I/O port. If FSXFUNC = 1, FSX is aserial port pin. 


DXDATOUT 
DXDATIN 


FSXFUNC 


t x=Oor1 
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Table 8-4. FSX/DX/CLKX Port Control Register Bits Summary (Continued) 
[Reset Value | Bit [Name [—~—~S~S uration 


FSX 0 If FSX I/O = 0, FSX is configured as a general-purpose input pin. 
If FSX 1/0 = 1, FSX is configured as a general-purpose output pin. 


| =o | 10 | FSXDATOUT | Data output on FSX. 
FSXDATIN Data input on FSX. A write has no effect. 
| oo [31-12 


tT x=0or1 


8.2.3 FSR/DR/CLKR Port Control Register 


This 32-bit port control register is controlled by the function of the serial port 
FSR, DR, and CLKR pins. At reset, all bits are set to 0. Table 8-5 defines the 
register bits, the bit names, and functions. Figure 8—12 illustrates this port con- 
trol register. 


Figure 8-12. FSR/DR/CLKR Port Control Register 


31 390 2 


9 28 27 26 25 24 23 22 21 20 19 18 17 16 
px | tata«l« | o«» Tw | « |ow | « Powtaw | ow | we fo | xo | 
140 13 


15 12 11 10 9 8 7 6 5 4 3 2 1 0 
FSR FSR FSR FSR DR DR. DR DR CLKR CLKR CLKR | CLKR 
DATIN | DATOUT vO FUNC DATIN DATOUT VO | FUNC | DATIN | DATOUT vO FUNC 
R R/W R/V R/W R R/W R/wW R/AW R R/W R/W R/AW 


NOTE: Xx = reserved bit, read as 0. 
R = read, W = write. 


Table 8-5. FSR/DR/CLKR Port Control Register Bits Summary 
[Ta [Nemo [esetvawe | ——=S~*~S~S ation SSSCS~S 


CLKRFUNC CLKRFUNGC controls the function of CLKR. If CLKRFUNC = 0, CLKRis 
configured as a general-purpose digital 1/O port. If CLKRFUNC = 1, 
wail CLKR is a Serial port pin. 
1 CLKRI/O lf CLKRI/O = 0, CLKR is configured as a general-purpose input pin. 
If CLKRI/O = 1, CLKR is configured as a general-purpose output pin. 
CLKRDATOUT| 0 ~—_{_ Data output on CLKR. 
CLKRDATIN Px Data input on CLKR. A write has no effect. 


DRFUNC te DRFUNC controls the function of DR. If DRFUNC = 0, DRis configured 


as ageneral-purpose digital I/O port. If DRFUNC = 1, DRis a serial port 


X 
pin. 
lf DRI/O = 0, DR is configured as a general-purpose input pin. 


If DRI/O = 1, DRis configured as a general-purpose output pin. 
FSRFUNC 
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Data input on DR. A write has no effect. 


FSRFUNC controls the function of FSR. If FSRFUNC = 0, FSR is confi- 
gured as a general-purpose digital I/O port. If FSRFUNC = 1, FSRisa 
serial port pin. 


Data output on DR. 
tT x=0or1 
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Table 8-5. FSR/DR/CLKR Port Control Register Bits Summary (Continued) 
| Name | ResetValue |- Function’ SC 


Le FSR /O If FSR I/O = 0, FSR is configured as a general-purpose input pin. 


If FSR I/O = 1, FSRis configured as a general-purpose output pin. 


FSRDATOUT | 0 _| Data output on FSR. 
FSRDATIN Data input on FSR. A write has no effect. 
[3i—12]Reseved | 0 [Readaso. 


8.2.4 Receive/Transmit Timer Control Register 


A 32-bit receive/transmit timer control register contains the control bits for the 
timer module. At reset, all bits are set to 0. Table 8-6 lists the register bits, bit 
names, andfunctions. Bits5 — Ocontrolthe transmitter timer. Bits 11 — 6con- 
trol the receiver timer. Figure 8-13 shows the register. The serial port receive/ 
transmit timer function is similar to timer module operation. It can be consid- 
ered as a 16-bit-wide timer. Refer to Section 8.1 for more information ontimers. 


Figure 8-13. Receive/Transmit Timer Control Register 
31 


30.29 28 27 26 25 24 23 22 21 20 19 18 17 16 
pet] fw] o« | o« |» Pow Pow Tow [ow [aw ]ow «| w | « | 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
px [x |x [x farstar] x [reine | ro@ | aio | neo | xrstar | x | xcuxsrc | xo | xHto | xco_| 
R R/V R/W R R/W R/W R R/W R/AW R/W 


NOTE: xXx = reserved bit, read as 0. 
' R=read, W = write. 


Table 8-6. Receive/Transmit Timer Control Register 


The XGO bit resets and starts the transmit timer counter. When XGO 
is set to 1 and the timer is not held, the counter is zeroed and begins 
incrementing on the next rising edge of the timer input clock. The XGO 
bit is cleared on the same rising edge. Writing 0 to XGO has no effect 
on the transmit timer. 


Transmit counter hold signal. When this bit is set to 0, the counter is dis- 


abled and held in its current state. The internal divide-by-two counter 
is also held so that the counter will continue where it left off when XHLD 
is setto 1. The timer registers may be read and modified while the timer 
is being held. RESET has priority over XHLD. 


XClock/Pulse mode control. When XC/P = 1, theclockmodeis chosen. 
The signaling of the status flag and external output has a 50-percent 
duty cycle. When XC/P =0, the status flag and external outputare active 
for one CLKOUT cycle during each timer period. 
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Table 8-6. Receive/Transmit Timer Control Register (Concluded) 


This bit specifies the source of the transmit timer clock. When 
XCLKSRC = 1, an internal clock with frequency equal to one-half the 
CLKOUT frequency is used to increment the counter. When XCLKSRC 
= 0, an external signal from the CLKX pin can be used to increment the 
counter. The external clock source is SYNChronized internally, thus al- 
lowing for external aSYNChronous clock sources that do not exceed 


[eit _[ Name | Reset Value 
the specified maximum allowable external clock frequency, i.e., less 


3 XCLKSRC 
than f(H1)/2.6. 


| 4 — | Reserved a ae Read as zero. 


id XTSTAT led This bit indicates the status of the transmit timer. It tracks what would 


be the output of the uninverted CLKX pin. This flag sets a CPU interrupt 
on a transition from 0 to 1. A write has no effect. 


The RGO bit resets and starts the receive timer counter. When RGO 
is set to 1 and the timer is not held, the counter is zeroed and begins 
incrementing on the next rising edge of the timer input clock. The RGO 
bit is cleared on the same rising edge. Writing 0 to RGO has no effect 
on the receive timer. 


Receive counter hold signal. When this bit is set to 0, the counter is dis- 
abled and held in its current state. The internal divide-by-two counter 
is also held so that the counter will continue where it left off when RHLD 
is setto 1. The timer registers may be read and modified while the timer 
is being held. RESET has priority over RHLD. 


RClock/Pulse mode control. When RC/P = 1, the clock mode is chosen. 
The signaling of the status flag and external output has a 50-percent 
duty cycle. When RC/P = 0, the status flag and external output are ac- 
tive for one CLKOUT cycle during each timer period. 


This bit specifies the source of the receive timer clock. When RCLKSRC 
= 1, aninternal clock with frequency equal to one-half the CLKOUT fre- 
quency is used to increment the counter. When RCLKSRC = 0, an ex- 
ternal signal from the CLKR pin can be used to increment the counter. 
The external clock source is SYNChronized internally, thus allowing for 


a 7 
RCLKSRC 
external aS YNChronous clock sources that do not exceed the specified 
maximum allowable external clock frequency, i.e., less than f(H1)/2.6. 


[ao |Revered [0 [Redes 


RTSTAT ta This bit indicates the status of the receive timer. It tracks what would be 


the output of the uninverted CLKR pin. This flag sets a CPU interrupt 
Si—2[Resoned [OO [Reads 


on a transition from 0 to 1. A write has no effect. 
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8.2.5 Receive/Transmit Timer Counter Register 


The receive/transmit timer counter register is a 32-bit register (see 
Figure 8—14). Bits 15 — O are the transmit timer counter, andbits31 — 16are 
the receive timer counter. Each counter is set to 0 whenever it increments to 
the value of the period register (Section 8.2.6). It is also set to 0 at reset. 


Figure 8-14. Receive/Transmit Timer Counter Register 


NOTE: All bits are read/write. 


8.2.6 Receive/Transmit Timer Period Register 


The receive/transmit timer period register is a 32-bit register (see 
Figure 8-15). Bits 15 — 0 are the timer transmit period, and bits 31 — 16 are 
the receive period. Each register is used to specify the period of the timer. It 
is also set to 0 at reset. 


Figure 8-15. Receive/Transmit Timer Period Register 


NOTE: All bits are read/write. 


8.2.7 Data-Transmit Register 


When the data-transmit register (DXR) is loaded, the transmitter loads the 
word into the transmit shift register (XSR), and the bits are shifted out. The 
delay from awrite to DXR until an FSX occurs (or can be accepted) is two CLKX 
cycles. The word is not loaded into the shift register until the shifter is empty. 
When DXR is loaded into XSR, the XRDY bit is set, specifying that the buffer 
is available to receive the next word. Four tap points within the transmit shift 
register are used to transmit the word. These tap points correspond to the four 
data word sizes and are illustrated in Figure 8—16 . The shift is a left-shift (LSB 
to MSB) with the data shifted out of ihe MSB corresponding to the appropriate 
tap point. 
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Figure 8-16. Transmit Buffer Shift Operation 


€ Shift Direction — 


31 24 23 16 15 8 7 0 
32-bit 24-bit 16-bit 8-bit 
word tap word tap word tap word tap 


8.2.8 Data-Receive Register 


When serial data is input, the receiver shifts the bits into the receive shift regis- 
ter (RSR). When the specified number of bits are shifted in, the data-receive 
register (DRR) is loaded from RSR, and the RRDY status bit is set. The receiv- 
er is double-buffered. If the DRR has not been read and the RSR is full, the re- 
ceiver is frozen. New data coming into the DR pin is ignored. The receive shifter 
will not write over the DRR. The DRR must be read to allow new data in the 
RSR to be transferred to the DRR. When a write to DRR occurs at the same 
time that a RSR to DRR transfer takes place, the RSR to DRR transfer has 
priority. 


Data is shifted to the left (LSB to MSB). Figure 8—17 illustrates what happens 
when words less than 32 bits are shifted into the serial port. In this figure, it is 
assumed that an 8-bit word is being received and that the upper three bytes 
of the receive buffer are originally undefined. In the first portion of the figure, 
byte a has been shifted in. When byte b is shifted in, byte ais shifted to the left. 
When the data receive register is read, both bytes a and b are read. 


Figure 8-17. Receive Buffer Shift Operation 
« Shift Direction — 
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8.2.9 Serial-Port Operation Configurations 


Serial Ports 
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Several configurations are provided for the operation of the serial port clocks 
and timer. The clocks for each serial port can originate either internally or exter- 
nally. Figure 8-18 shows serial port clocking in the I/O mode (FUNC = 0) when 
CLKxX is either an input or an output. Figure 8—19 shows clocking in the serial- 
port mode (FUNC = 1). Both figures use a transmit section for an example. The 
same relationship holds for a receive section. 


Figure 8-18. Serial-Port Clocking in /O Mode 
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Figure 8-19. Serial-Port Clocking in Serial-Port Mode 
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8.2.10 Serial-Port Timing 
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CLKX 
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The formula for calculating the frequency of the serial-port clock with an inter- 
_nally generated clock is dependent upon the operation mode of the serial-port 


timers, defined as 
f (pulse mode) = f (timer clock)/period register 


f (clock mode) = f (timer clock)/(2 x period register) 


An externally generated serial-port clock (CLKX or CLKR) has a maximum fre- 
quency of less than f(H1)/2.6. See serial port timing in Chapter 13. Also, see 


subsection 8.1.3 for information on timer pulse/clock generation. 


Transmit data is clocked outon the rising edge of the selected serial-port clock. 
Receive data is latched into the receive shift register on the falling edge of the 
serial-port clock. All data is transmitted and loaded MSB first and right-justified. 
lf fewer than 32 bits are transferred, the data are right-justified in the 32-bit 
transmit and receive buffers. Therefore, the LSBs of the transmit buffer are 


the bits that are transmitted. 
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The transmit ready (XRDY) signal specifies that the data-transmit register 
(DXR) is available to be loaded with new data. XRDY goes active as soon as 
the data is loaded into the transmit shift register (XSR). The last word may still 
be shifting out when XRDY goes active. If DXR is loaded before the last word 
has completed transmission, the data bits transmitted will be consecutive; i.e., 
the LSB of the first word immediately precedes the MSB of the second, with 
all signaling valid as in two separate transmits. XRDY goes inactive when DXR 
is loaded and remains inactive until the data is loaded into the shifter. 


The receive ready (RRDY) signal is active as long as a new word of data is 
- loaded into the data receive register and has not been read. As soon as the 
data is read, the RRDY bit is turned off. 


When FSxX is specified as an output, the activity of the signal is determined 
solely by the internal state of the serial port. If a fixed data rate is specified, FSX 
goes active when DXR is loaded into XSR to be transmitted out. One serial- 
clock cycle later, FSX turns inactive, and data transmission begins. If a variable 
data rate is specified, the FSX pin is activated when the data transmission be- 
gins, and remains active during the entire transmission of the word. Again, the 
data is transmitted one clock cycle after it is loaded into the data transmit regis- 
ter. 


An input FSX in the fixed data rate mode should go active for at least one serial 
clock cycle and then inactive to initiate the data transfer. The transmitter then 
sends the number of bits specified by the LEN bits. In the variable data-rate 
mode, the transmitter begins sending from the time FSX goes active until the 
number of specified bits has been shifted out. In the variable data-rate mode, 
when the FSX status changes prior to all the data bits being shifted out, the 
transmission completes, and the DX pin is placed in a high-impedance state. 
An FSR input is exactly complementary to the FSX. 


When using an external FSX, if DXR and XSR are empty, a write to DXR results 
in a DXR-to-XSR transfer. This data is held in the XSR until an FSX occurs. 
When the external FSX is received, the XSR begins shifting the data. If XSR 
is waiting for the external FSX, a write to DXR will change DXR, but a DXR-to- 
XSR transfer will not occur. XSR begins shifting when the external FSX is re- 
ceived, or when it is reset using XRESET. 


Continuous Transmit and Receive Modes 


When continuous mode is chosen, consecutive writes do not generate or ex- 
pect new sync pulse signaling. Only the first word of a block begins with an ac- 
tive synchronization. Thereafter, data continues to be transmitted as long as 
new data is loaded into DXR before the last word has been transmitted. As 
soon as TXRDY is active and all of the data has been transmitted out of the 
shift register, the DX pinis placed in a high-impedance state, and asubsequent 
write to DXR initiates a new block and a new FSX. 


Similarly with FSR, the receiver continues shifting in new data and loading 
DRR. If the data-receive buffer is not read before the next word is shifted in, 
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subsequent incoming data will be lost. The RFSM bit can be used to terminate 
the receive-continuous mode. 


Handshake Mode 


The handshake mode (HS = 1) allows for direct connection between proces- 
sors. In this mode, all data words are transmitted with a leading 1 (see 
Figure 8-20). For example, if an 8-bit word is to be transmitted, the first bit sent 
is a 1, followed by the 8-bit data word. » 


In this mode, once the serial port transmits a word, it will not transmit another 
word until it receives a separately transmitted zero bit. Therefore, the 1 bit that 
precedes every data word is, in effect, a request bit. 


Figure 8-20. Data Word Format in Handshake Mode 


a Data Word (8 Btls) 
| 
| 


leading one 


After a serial port receives a word (with the leading 1) and that word has been 
read from the DRR, the receiving serial port sends a single 0 to the transmitting 
serial port. Thus, the single 0 bit acts as an acknowledge bit (see Figure 8-21). 
This single acknowledge bit is sent every time the DRR is read, evenif the DRR 
does not contain new data. 


Figure 8-21. Single Zero Sent as an Acknowledge 
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When the serial port is placed in the handshake mode, the insertion and dele- 
tion of aleading 1 for transmitted data, the sending of a0 for acknowledgement 


_ of received data, and the waiting for this acknowledge bit are all performed au- 


tomatically. Using this scheme, itis simple to connect processors with no exter- 
nal hardware and to guarantee secure communication. A typical configuration 
is shown in Figure 8-22. 


In the handshake mode, FSX is automatically configured as an output. Contin- 
uous mode is automatically disabled. After a system reset or XRESET, the 
transmitter is always permitted to transmit. The transmitter and receiver must 
be reset when entering the handshake mode. 
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Figure 8-22. Direct Connection Using Handshake Mode 


TMS320C3x #1  'TMS320C3x #2 


8.2.11 Serial-Port Interrupt Sources 


-A serial port has four interrupt sources: 


1) 


The transmit timer interrupt: The rising edge of XTSTAT causes a single- 
cycle interrupt pulse to occur. When XTINT is 0, this interrupt pulse is dis- 
abled. 


The receive timer interrupt: The rising edge of RTSTAT causes a single- 
cycle interrupt pulse to occur. When RTINT is 0, this interrupt pulse is dis- 
abled. 


The transmitter interrupt: Occurs immediately following a DXR-to-XSR 
transfer. The transmitter interrupt is a single-cycle pulse. When the 
serial-port global-control register bit XINT is 0, this interrupt pulse is dis- 
abled. 


The receiver interrupt: Occurs immediately following a RSR to DRR trans- 
fer. The receiver interrupt is a single-cycle pulse. When the serial-port glo- 
bal-control register bit RINT is 0, this interrupt pulse is disabled. 


The transmit timer interrupt pulse is ORed with the transmitter interrupt pulse to create 
the CPU transmit interrupt flag XINT. The receive timer interrupt pulse is ORed with the 
receiver interrupt pulse to create the CPU receive interrupt flag RINT. 
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8.2.12 Serial-Port Functional Operation 


The following paragraphs and figures illustrate the functional timing of the vari- 
ous serial-port modes of operation. The timing descriptions are presented with 
the assumption that all signal polarities are configured to be positive, i.e., 
CLKXP = CLKRP = DXP = DRP = FSXP = FSRP = 0. Logical timing, in situa- 
tions where one or more of these polarities are inverted, is the same except 
with respect to the opposite polarity reference points, i.e. rising vs. falling 
edges, etc. , 


These discussions pertain to the numerous operating modes and configura- 
tions of the serial-port logic. When it is necessary to switch operating modes ~ 
or change configurations of the serial port, do this only when XRESET or 
RRESET are asserted (low), as appropriate. Therefore, when transmit config- 
urations are modified, XRESET should be low, and when receive configura- 
tions are modified, RRESET should be low. When you use handshake mode, 
however, since the transmitter and receiver are interrelated, you should make 
any configuration changes with XRESET and RRESET both low. 


All of the serial-port operating configurations can be broadly classified in two 
categories: fixed data-rate timing and variable data-rate timing. The following 
paragraphs discuss fixed and variable data-rate operation and all of their varia- 
tions. 


Fixed Data-Rate Timing Operation 


Fixed data-rate serial-port transfers can occur in two varieties: burst mode and 
continuous mode. In burst mode operation, transfers of single words are sepa- 
rated by periods of inactivity on the serial port. In continuous mode, there are 
no gaps between successive word transfers; the first bit of anew word is trans- 
ferred on the next CLKX/R pulse following the last bit of the previous word. This 
occurs continuously until the process Is terminated. , 


In burst mode with fixed data-rate timing, FSX/FSR pulses initiate transfers, 
and each transfer involves a single word. With an internally generated FSX 
(see Figure 8—23), transmission is initiated by loading DXR. In this mode, there 
is a delay of approximately 2.5 CLKX cycles (depending on CLKX and H1 fre- 
quencies) from the time DXR is loaded until FSX occurs. With an external FSX, 
the FSX pulse initiates the transfer, and the 2.5-cycle delay effectively be- 
comes a setup requirement for loading DXR with respect to FSX. Therefore, 
in this case, DXR must be loaded no later than 3 CLKX cycles before FSX oc- 
curs. Once the XSR is loaded from the DXR, an XINT is generated. 
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Figure 8-23. Fixed Burst Mode 
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In receive operations, once a transfer is initiated, FSR is ignored until the last 
bit. For burst mode transfers, FSR must be low during the last bit, or another 
transfer will be initiated. After a full word has been received and transferred to 
the DRR, an RINT is generated. 


In fixed data rate mode, continuous transfers may be performed even if 
R/XFSM = 0, as long as properly timed frame synchronization is provided, or 
if DXR is reloaded each cycle with an internally generated FSX (see 
Figure 8~24). 


Figure 8-24. Fixed Continuous Mode With Frame Sync 
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For receive operations and with externally generated FSX, once transfers have 
begun, frame sync pulses are required only during the last bit transferred to 
initiate another contiguous transfer. Otherwise, frame sync inputs are ignored. 
Therefore, continuous transfers will occur if frame sync is held high. With an 
internally generated FSX, there is a delay of approximately 2.5 CLKX cycles 
from the time DXR is loaded until FSX occurs. This delay occurs each time 
DXR is loaded; therefore, during continuous transmission, the instruction that 
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loads DXR must be executed by the N-3 bit for an N-bit transmission. Since 
delays due to pipelining may vary, a conservative margin of safety should be 
incorporated in allowing for this delay. 


Once the process begins, an XINT and an RINT are generated at the beginning 
of each transfer. The XINT indicates that the XSR has been loaded from DXR 
and can be used to cause DXR to be reloaded. To maintain continuous trans- 
mission in this mode, especially with an internally generated FSX, DXR must 
be reloaded early in the ongoing transfer. 


The RINT indicates that a full word has been received and transferred into the 
DRR. RINT is therefore commonly used to indicate an appropriate time to read 
DRR. 


Continuous transfers are terminated by discontinuing frame sync pulses or, 
in the case of internally generated FSX, not reloading DXR. 


Continuous serial-port transfers can be accomplished without the use of frame 
sync pulses if R/XFSM are set to one. In this mode, operation of the serial port 
is similar to continuous operation with frame sync except that a frame sync 
pulse is involved only in the first word transferred, and no further frame sync 
pulses are used. Following the first word transferred (see Figure 8—25), no in- 
ternal frame sync pulses are generated, and frame sync inputs are ignored. 
Additionally, R/XFSM should be set prior to or during the first word transferred 
and must be set no later than the transfer of the N-1 bit of the first word, except 
for transmit operations. For transmit operations in the fixed data-rate mode, 
XFSM must be set no later than the N-2 bit. Clearing R/KFSM must be per- 
formed no later than the N—1 bit to be recognized in the current cycle. 


Figure 8-25. Fixed Continuous Mode Without Frame Sync 
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Timing of RINT and XINT and data transfers to and from DXR and DRR, re- 
spectively, are the same as in fixed data-rate continuous mode with frame 
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sync. This mode of operation also exhibits the same delay of 2.5 CLKX cycles 
after DXR is loaded before an internal FSX is generated. As in the case of con- 
tinuous operation in fixed data-rate mode with frame sync, DXR must be re- 
loaded no later than transmission of the N—-3 bit. 


When you use continuous operation in fixed data-rate mode, R/KFSM may be 
set and cleared as desired, even during active transfers, to enable or disable 
the use of frame sync pulses as dictated by system requirements. Under most 
conditions, the effect of changing the state of R/XFSM occurs during the trans- 
fer in which the R/XFSM change was made, provided the change was made 
early enough in the transfer. For transmit operations with internal FSX in fixed 
data-rate mode, however, a one-word delay occurs before frame sync pulse 
generation resumes when clearing XFSM to zero (see Figure 8-26). There- 
fore, one additional word is transferred in this case before the next FSX pulse 
is generated. Also note that, as discussed previously, clearing XFSM will be 
recognized during the transmission of the current word being transmitted as 
long as XFSM is cleared no later than the N—1 bit. Setting XFSMi is recognized 
as long as XFSM is set no later than the N-2 bit. 


Figure 8-26. Exiting Fixed Continuous Mode Without Frame Sync, FSX Internal 
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Variable Data-Rate Timing Operation 


Variable data-rate timing also supports operation in either burst or continuous 
mode. Burst mode operation with variable data-rate timing is similar to burst 
mode operation with fixed data rate timing. With variable data-rate timing (see 
Figure 8-27), however, FSX/R and data timing differ slightly at the beginning 
and end of transfers. Specifically, there are three major differences between 
fixed and variable data-rate timing: 


1) FSX/R pulses typically last for the entire transfer interval, although FSR 
and external FSX are ignored after the first bit tansferred. FSX/R pulses 
in fixed data-rate mode typically last only one CLKX/R cycle but can last 
longer. 
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2) Datatransfer begins during the CLKX/R cycle in which FSX/R occurs, rath- 
er than the CLKX/R cycle following FSX/R, as is the case with fixed data- 
rate timing. 


3) With variable data-rate timing, frame sync inputs are ignored until the end 
of the last bit transferred, rather than the beginning of the last bit trans- 
ferred as is the case with fixed data-rate timing. 


Figure 8-27. Variable Burst Mode 
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When you transmit continuously in variable data-rate mode with frame sync, 
timing is the same as for fixed data-rate mode, except for the differences be- 
tween these two modes as described under burst mode operation with variable 
data-rate timing. The only other exception to this is that DXR must be reloaded 
no later than the N-4 bit to maintain continuous operation of the variable data- 
rate mode (see Figure 8-28); no later than the N-3 bit for fixed data-rate 
mode. 


Figure 8-28. Variable Continuous Mode With Frame Sync 
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Continuous operation in variable data rate mode without frame sync is also 
similar to continuous operation without frame sync in fixed data-rate mode. As 
with variable data-rate mode continuous operation with frame sync (see 
Figure 8—29), DXR must be reloaded no later than the N—4 bit to maintain con- 
tinuous operation. Additionally, when R/XFSM is set or cleared in the variable 
data-rate mode, the modification must be made no later than the N-1 bit for 
the result to be affected in the current transfer. 


Figure 8-29. Variable Continuous Mode Without Frame Sync 
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8.2.13 TMS320C3x Serial Port Interface Examples 
8.2.13.1 Handshake Mode Example 


When handshake mode is used, both the transmit (FSX/DS/CLKX) and re- 
ceive (FSR/DR/CLKR) signals are used to transmit and receive data, respec- 
tively. In other words, even if the TMS320CS3x serial port is receiving data only 
with handshake mode, the transmit signals are still needed to transmit the ac- 
knowledge signal. The serial port registers, setup for the TMS320C3x serial 
port handshake communication, as shown in Figure 8-22 are shown below: 


Global control = 011x0x0xxxx00000000xx011001 a 


Transmit port control = 011th 
Receive port control = O111h 
S_port timer control = 'OFh 
S_port timer count Oh 


S_port timer period > Oth (if two C3xs have the same 
system clock) 
Note: x = user configurable. 


Since the FSX is set as an output and continuous mode is disabled when hand- 
shake mode is selected, the SFSM and RFSM bits should be set to 0 and the 
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Setup 1: 

Global contro! 
Transmit port control 
Receive port control 
S_port timer control 
S_port timer count 
S_port timer period 


Setup 2: 

Global control 
Transmit port control 
Receive port control 
S_port timer control 
S_port timer count 
S_port timer period 


SSN ASLO LSS SS BTA SS OR TTR VCCI SSS AINA SAS AEA SEAT CAIN NALS ATS TRAD WEN TU ERIS, 


FSXOUT bit should be set to 1 in the global control register. The XRESET, 
RRESET, and HS bits should also be set to 1 in order to start the handshake. 
communication. It is recommended that the polarity of the serial port pins be 
set to active high for simplification. Although the CLKX/CLKR can be set as ei- 
ther input or output, it is recommended to set the CLKX as output and the CLKR 
as input. The rest of the bits are user configurable as long as both serial ports 
have the consistent setup. 


The serial port timer is needed only if the CLKX or CLKR is configured as an 
output. In the above case, since only the CLKX is configured as an output, the 
timer control register should be set to OFh. When the serial port timer is used, 
the serial timer period register must also be set to the proper value for the clock 
speed. The serial port timer clock speed setupis similar to the TMS320C3x tim- 
er. Refer to Section 8.1 for detailed information on timer clock generation. 


The maximum clock frequency for serial transfers is F(CLKIN)/4 if the internal 
clock is used and F(CLKIN)/5.2 if an external clock is used. Therefore, if two 
TMS320C3xs have the same system clock, as in the the case above., the timer 
period register should be set to be equal to or greater than 1 which make the 
clock frequency equal to F(CLKIN)/8. . , 


Examples of serial port register setups for the above case are shown below. 
(Assume two TMS320C3xs have the same system clock.) 


OEBCO0064h : 32 bits, fixed data rate, burst mode, 


= O111h ; FSX (output), CLKX (output) = F(CLKIN)/8 
= O11ih ; CLKR (input), handshake mode, transmit 
= OFh ; and receive interrupt is enabled. 

=. 0h 

2 Oth 


0C000364h : 8 bits, variable data rete, burst mode, 


= 0111h ; FSX (output), CLKX (output) = f(CLKIN)/24 
= O111h ; CLKR (input), handshake mode, transmit 
= OFh sand receive interrupt is disabled. 

= Oh 

2 O1h 


Since the data has a leading 1 and the acknowledge signal is a 0 in the hand- 
shake mode, the TMS320C3x serial port can distinguish the signals between 
the data and the acknowledge signal. Therefore, even if the TMS320C3x serial 
port receives the data before the acknowledge signal, the data will not be misin- 
terpreted as the acknowledge signal and be lost. In addition, the acknowledge 
signal is not generated until the data is read from the data receive register, 
DRR. Therefore, the TMS320C3x will not transmit the data and the acknowl- 
edge signal simultaneously. 
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8.2.13.2 Serial AIC Interface Example 


The TLC320C4x analog interface chips (AIC) from Texas Instruments offer a 
zero glue-logic interface to the TMS320C3x family of DSPs. The interface is 
shown in Figure 8-30. This interface is used as an example of the TMS320C3x 
serial port configuration and operation. 


Figure 8-30. TMS320C3x Zero Glue-Logic Interface to TLC3204x Example 
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The TMS320C3x resets the AIC through the external pin XFO. Italso generates 
the master clock for the AIC through the timer 0 output pin, TCLKO. (Precise 
selection of a sample rate may require the use of an external oscillator rather 
than the TCLKO output to drive the AIC MCLK input.) Inturn, the AIC generates 
the CLKRO and CLKXO shift clocks as well as the FSRO and ron frame syn- 
chronization signals. 


A typical use of the AIC requires an 8 kHz sample rate of the analog signal. If 
the clock input frequency to the TMS320C3x device is 30 MHz, the following 
values sours be loaded into the serial port and timer registers. 


Serial Port: 
Port global control register: 0E970300h 
FSX/DX/CLKX port control register 00000111h 
FSR/DR/CLKR port control register 00000111h 
Timer: 

Timer global control register 000002C 1h 
Timer period register 00000001h 


8.2.13.3 Serial A/D and D/A Interface Example 


The DSP201/2 and DSP 101/2 family of D/As and A/Ds from Burr Brown also 
offer a zero glue-logic interface to the TMS320C3x family of DSPs. The inter- 
face is shown in Figure 8-31. This interface is used as an example of the 
TMS320C3x serial port configuration and operation. 
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Figure 8-31. 
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TMS320C3x Zero Glue-Logic Interface to Burr Brown A/D and D/A Example 
Burr Brown DSP102 A/D Burr Brown DSP202 D/A 


22 pF —T a 22 pF 


The DSP102 A/D is interfaced to the TMS320CS3x serial port receive side; the 
DSP202 D/A is interfaced to the transmit side. The A/Ds and D/As are hard 
wired to run in cascade mode. In this mode, when the TMS320C3x initiates a 
convert command to the A/D, via the TCLKO pin, both analog inputs are con- 
verted into two 16-bit words which are concatenated to form one 32-bit word. 
The A/D signals the TMS320C3x, via the A/D’s SYNC signal (connected to the 
TMS320C3x FSRO pin), that serial data is to be transmitted. The 32-bit word 
is then serially transmitted, MSB first, out the SOUTA serial pin of the DSP102 
to the DRO pin of the TMS320C3x serial port. The TMS320C3x is programmed 
to drive the analog interface bit clock from CLKX0O pin of the TMS320C3x. The 
bit clock drives both the A/D’s and D/A’s XCLK input. The TMS320C3x transmit 
clock also acts as the input clock on the receive side of the TMS320C3x serial 
port. Since the receive clock is synchronous to the internal clock of the 
TMS320C3x, the receive clock can run at full speed (that is, f(H1)/2). 


Similarly, upon receiving a convert command, the pipelined D/A converts the 
last word received from the TMS320C8x and signals the TMS320C3x, via the 
SYNC signal (connected to the TMS320C3x FSX0 pin), to begin transmitting 
a 32-bit word representing the two channels of data to be converted. The data, . 
transmitted from the TMS320C3x DXO0 pin is input to both the SINA and SINB 


| inputs of the D/A as shown in the figure. 
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The TMS320C3x is set up to transfer bits at the maximum rate of about 8 Mbps 
with a dual channel sample rate of about 44.1 KHz. This standard mode, fixed 
data rate signaling interface is configured by setting the following registers as 
described below: 


Serial Port: 


Port global control register: OEBCO040h 
FSX/DX/CLKX port control register 00000111h 
FSR/DR/CLKR port control register 00000111h 
Receive/transmit timer control register OOO0000Fh 
Timer: 
Timer global control register 000002Cih 
Timer period register 0000005Ah 


8.2.14 Serial Port Initialization/Reconfiguration 


The serial ports are controlled through memory-mapped registers located on 
the dedicated peripheral bus. A general procedure for initializing and/or recon- 
figuring the serial ports follows: 


1) 


Halt the serial port by clearing the XRESET and/or RRESET bits of the ser- 
ial-port global-control register. This can be accomplished by writing a 0 to 
the serial-port global-control register. Note that the serial ports are halted 
on RESET. 


Configure the serial port via the serial-port global-control register (with 
XRESET = RRESET =0), FSX/DX/CLKX and FSR/DR/CLKR port control 
registers, as well as the receive/transmit timer control register (with XHLD 
= RHLD =0, receive/transmit timer counter register and the receive/trans- 
mit timer period register, if necessary. Refer to subsection 8.2.13, 
“TMS320C3x Serial Port Interface Examples.” 


Start the serial port by setting the XRESET and RRESET bits of the serial- 
port global-control register and the XHLD and RHLD bits of the serial port 
receive/transmit timer control register, if necessary. 
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8.3. DMA Controller 
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The TMS320C3x has an on-chip Direct Memory Access (DMA) controller that 
reduces the need for the CPU to perform input/output functions. The DMA con- 
troller can perform input/output operations without interfering with the opera- 
tion of the CPU. Therefore, it is possible to interface the TMS320C3x to slow 
external memories and peripherals (A/Ds, serial ports, etc.) without reducing 
the computational throughput of the CPU. The result is improved system per- 
formance and decreased system cost. 


A DMA transfer consists of two operations: a read from a memory location and 
a write to a memory location. The DMA controller can read from and write to 
any location in the TMS320C3x memory map. This includes all 
memory-mapped peripherals. The operation of the DMA is controlled with the 
following set of memory-mapped registers: 


Gi =DMA global-contro! register 

Ci DMA source address register 

Ck DMA destination address register 
Gi DMA transfer counter register 


These registers, their memory-mapped addresses, and their functions are 
shown in Figure 8-32. Each of these DMA registers is discussed in the 
succeeding subsections. 
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Figure 8-32, Memory-Mapped Locations for a DMA Channel 


Register Peripheral 
Address 


DMA Global Control (See Table 8-7 808000h 


808003h 


Reserved 


-7) 
208000h 
s0s00Eh 


Reserved 80800Fh 


8.3.1. DMA Global-Control Register 


The global-control register controls the state in which the DMA controller oper- 
ates. This register also indicates the status of the DMA, which changes every 
cycle. Source and destination addresses can be incremented, decremented, 
or SYNChronized using specified global-control register bits. At system reset, 
all bits in the DMA control register are set to 0. Table 8—7 lists the register bits, 
names, and functions. Figure 8-33 shows the bit configuration of the global- 
control register. . 
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Figure 8-33. DMA Global-Control Register 


31 30 29 28 27 26 25 24 23 


21 20 


22 19 18 17 16 


15 14 13 #12 «41 10 9 8B 7 6 5 4 3 2 1 0 
| RW RW RW RW RW RW R/W R/W R RRW RW 


NOTE: xx = Reserved bit, read as 0. 
R = read, W = write. 


Table 8-7. DMA Global-Control Register Bits 
| Bit_ | Name | Reset Value 
O—1 | START These bits control the state in which the DMA starts and stops. The 
DMA may be stopped without any loss of data (see Table 8-8). 
2—3 | STAT These bits indicate the status of the DMA and change every cycle 
(see Table 8-9). 


INCSRC = If INCSRC = 1, the source address is incremented after every read. 


DECSRC lf DECSRC = 1, the source address is decremented after every 
read. If INCSRC =DECSRC, the source address is not modified af- 
ter a read. 

INCDST if INCDST = 1, the destination address is incremented after every 

write. 

7 DECDST lf DECDST = 1, the destination address is decremented after every 
write. If INCDST = DECDST, the destination address is not modified 
after a write. 

Cd a al 
10 TC 
zero. If TC = 1, transfers are terminated when the transfer counter 
becomes zero. 
| oo TCINT lf TCINT = 1, the DMA interrupt is set when the transfer counter 
makes a transition to zero. If TCINT = 0, the DMA interruptis not set 
when the transfer counter makes a transition to zero. 


si—12 | Reserved] 0-0 Readaszero, 


The SYNC bits determine the timing synchronization between the 
‘events initiating the source and the destination transfers. The inter- 
pretation of the SYNC bits is shown in Table 8-10. 


The TC bit affects the operation of the transfer counter. If TC = 0, 
transfers are not terminated when the transfer counter becomes 
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Table 8-8. START Bits and Operation of the DMA (Bits 0-1) 


Function 


DMA read or write cycles in progress will be completed; any data read will be ig- 
nored. Any pending read or write will be cancelled. The DMA is reset so that when 
it starts, a new transaction begins; i.e., aread is performed. (Reset value) 


If a read or write has begun, it is completed before it stops: for example, in the 
middle or at the end of a DMA transfer. If aread or write has not begun, no read 
or write is started. 


Ifa DMA transfer has begun, the entire transfer is completed (including both read 
and write operations) before stopping. If a transfer has not begun, none is started. 


DMA starts from reset or restarts from the previous state. 


Function 


DMA is being held between DMA transfer (between a write and read). This is the 
value at reset. (Reset value) 


DMA is being held in the middle of a DMA transfer, i.e., between aread and awrite. 


Reserved. 


DMA busy; i.e., DMA is performing a read or write. 


No synchronization. Enabled interrupts are ignored. (Reset value) 


Source synchronization. A read is performed when an enabled interrupt occurs. 


Destination synchronization. A write is performed when an enabled interrupt oc- 
curs. 


Source and destination synchronization. A read is performed when an enabled in- 
terrupt occurs. A write is then performed when the next enabled interrupt occurs. 
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8.3.2 Destination and Source Address Registers 


The DMA destination and source address registers are 24-bit registers whose 
contents specify destination and source addresses. As specified by control bits 
DECSRC, INCSRC, DECDST, and INCDST ofthe DMA global control register, 
these registers are incremented and decremented at the end of the corre- 
sponding memory access, thatis, the source register for aread, the destination 
register for a write. On system reset, 0 is written to these registers. 


8.3.3 Transfer Counter Register 


The transfer counter register is a 24-bit register, controlled by a 24-bit counter 
that counts down. The counter decrements at the beginning of aDMA memory 
write. In this way, itcan be used to control the size of a block of data transferred. 
The transfer counter register is set to 0 at system reset. When TCINT bit of 
DMA global control register is set, the transfer counter register will cause a 
DMA interrupt flag to be set upon count down to zero. 


8.3.4 CPU/DMA Interrupt Enable Register 
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The CPU/DMA interrupt enable register (IE) is a 32-bit register located in the 
CPU register file. The CPU interrupt enable bits are in locations 10 — 1. The 
DMA interrupt enable bits are inlocations 26 — 16.A1inaCPU/DMA interrupt 
enable register bit enables the corresponding interrupt. A 0 disables the corre- 
sponding interrupt. At reset, 0 is written to this register. 


Table 8-11 lists the bits, names, and functions of the CPU/DMA interrupt en- 
able register. Figure 8-34 shows the IE register. The priority and decoding 
schemes of CPU and DMA interrupts are identical. Note that when the DMA 
receives an interrupt, this interrupt is acted upon according to the SYNC field 
of the DMA control register. Also note that an interrupt may affect the DMA but 
not the CPU and may affect the CPU but not the DMA. Refer to Chapter 6 and 
to subsection 3.1.8. 
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Figure 8-34. CPU/DMA Interrupt Enable Register 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 
“s | EDINT | STINT! | ETINTO | ERINT1 | EXINT: | ERINTO | EXINTO | EINTS EINT2 EINT1 EINTO 
(DMA) (DMA) (DMA) (DMA) (DMA) (DMA) | (DMA) (DMA) (DMA) (DMA) (DMA) 
RW RAW RAW RAW RW RW RW Rw RW RAW RW 
15 14 13 12 11 


10 9 8 7 :) 5 4 3 2 1 0 
EDINT ETINT1 ETINTO ERINT1 EXINT1 ERINTO EXINTO EINT3 EINT2 EINT1 EINTO 
(CPU) (CPU) (CPU) (CPU) (CPU) (CPU) (CPU) (CPU) (CPU) | (CPU) (CPU) 

R/W R/W RAW RW RAW RW R/W RW R/AW R/W 


D 
* RAW 


NOTE: xx = Reserved bit, read as 0. 
R = read, W = write. 


Table 8-11. CPU/DMA Interrupt Enable Register Bits 


i 
Enable external interrupt 2 (CPU) 
| 5 | _ERINTO __| Enable serial port O receive intorupt (CPU) _| 
P68 _|_EXINT! _| Enable seriakport1 transmit interrupt (CPU) _ 
Ps | _ETINTo | Enable timer Ointerrupt(CPU) 
Po | _eminti | Enable timer 1 interrupt (GPU) __——i 
P20 | _EXINTO | Enable serialport 0 tansmitinterrupt (OMA) _ 
|__ 23 | _ERINT1 | Enable seria-port 1 receive interrupt (DMA) _| 
imer Oi 
i 
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8.3.5 DMA Memory Transfer Operation 
Each DMA memory transfer consists of two parts: 


1) Read data from the address specified by the DMA source register. 
2) Write data that has been read to the address specified by the DMA destina- 
tion register. 


A transfer is complete only when the read and write are complete. A transfer 
may be stopped by setting the START bits to the desired value. When the DMA 
is restarted (START = 1 1), it completes any pending transfer. 


At the end of a DMA read, the source address is modified as specified by the | 
SRCINC and SRCDEC bits of the DMA global control register. At the end of 
a DMA write, the destination address is modified as specified by the DSTINC 
and DSTDEC bits of the DMA global control register. At the end of every DMA 
write, the DMA transfer counter is decremented. 


DMA on-chip reads and writes (reads and writes from on-chip memory and pe- 
ripherals) are single cycle. DMA off-chip reads are two cycles. The first cycle 
is the external read, andthe second cycle loads the DMA register. The external 
read cycle is identical to a CPU read cycle. DMA off-chip writes are identical 
to CPU off-chip writes. lf the DMA has been started and is transferring data 
over either external bus, the bus control register associated with that bus 
should not be modified. If the bus control register (see Chapter 7) needs to be 
modified, the DMA should be stopped, modification made, and then the DMA 
restarted. Failure to do so may produce an unexpected zero-wait-state bus ac- 
cess. 


Through the 24-bit source and destination registers, the DMA is capable of ac- 
cessing any memory-mapped location in the TMS320C3x memory map. 
Figure 8—35 through 8-34 show the number of cycles a DMA transfer requires, 
depending upon whether the source and destination are on-chip memory and 
peripherals, the external port, or the I/O port. Trepresents the number of trans- 
fers to be performed, C, represents the number of wait-states for the source 
read, and Cy represents the number of wait-states for the destination write. 
Each entry in the table represents the total cycles required to do the 7 trans- 
fers, assuming that there are no pipeline conflicts. 


Accompanying each table is a figure illustrating the timing of the DMA transfer. 
|R| and |W| represent single-cycle reads and writes, respectively. |R.R] and 
|W.W] represent multicycle reads and writes. |Cr| and |Cw| show the number 
of wait cycles for a read and write. 
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Figure 8-35. Timing and Number of Cycles for DMA Transfers When Destination Is On-Chip 


| eyotestrit) | tz [3 [5 [6] 7a] 9 fro} ta) r2] 3] x4]i5}s6] 17] 16 19 


Source On-Chip R| |R| [R] : : -: 


Iw] Iwi [wl 
R.R-R:l| |R-R-R: I | 
| Cr | os: : | CG : 


Destination On-Chip 


Source Primary Bus |R.R.R:1| 


| or |: 


| w| 
|R.R.R:1t| 
eae 


|w| |w] 
R-R-R: 1] [R.R.R:1| 
lens [ee 


Destination On-Chip 


Source Expansion Bus 


Destination On Chip |w| | w| | w| 


[Sores ———SSdYSSStnaton On-chip sd 


Legend: 

T = Number of transfers 

Cr = Source-read wait states 
Cw = Destination-write wait states 
|Rj = Single-cycle reads 

|W| = Single-cycle writes 


|R.R| = Multicycle reads 
|W.W| = Multicycle writes 
| Ij = Internal register cycle 
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Source On-Chip R| |r| |R | 


Iw. w.w.w]w.W.W.wW|W.w.w .w| 
| Cw | | Cw | | Cw | 


Destination Primary Bus 


Source Primary Bus 


Destination Primary Bus 


Source Expansion Bus PRR OR St). (ARR eT 
' r | S: flibskope ||| 4 28 
|lw.w.w.w| [w.w.w.w| [w,w.w.w | 

Destination Primary Bus Bo, gts aig: Aah vs | Cy | es | Cw | a. as | Cw | 


On-Chip 14(2+Cw)T 
21012404)7 


(24+C,+2+Cy) 
sescyste oe Sy 


Legend: 

T = Number of transfers 

Cr = Source-read wait states 
Cw = Destination-write wait states 
|R| = Single-cycle reads 

|W| = Single-cycle writes 

|R.R| = Multicycle reads 

|W.W| = Multicycle writes 


J 1 | = Internal register cycle 
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Figure 8-37. DMA Timing When Destination Is an Expansion Bus 


| cyorestrt) | 1 f2 fa | [5] 6 [7 [8] 9 [10 


Source On-Chip R{ {R| 


IR| :: : 


14 ]12] 13 14}15 [16] 17/18] 19 


lw.wW.W.w|W.W.W.w|W.w.w.w | 


Destination Expansion Bus Leg | era euy.'| 
Source Primary Bus R-R-R[I| JR-R.R:1l | [R-R.R: I 
: Dt Cr : 


| Ce | : : | Cr 


Iw.w.w.wl |w.w.w.wl |w.w.w.w| 
| Cy: | | Cy | | Cw | 


. Destination Expansion Bus 


Source Expansion Bus 


Destination Expansion Bus 


Destination Expansion Bus 
Primary Bus (2+C;+2+Cw) . 
+(2+Cy+max(0,C,—Cy+1))( 7-1) 


Expansion Bus 


Legend 

T = Number of transfers 

Cr = Source-read wait states 

Cw = Destination-write wait states 
|R| = Single-cycle reads 

|W] = Single-cycle writes 

|R.R| = Multicycle reads 

|W.W| = Multicycle writes 


{1 | = Internal register cycle 
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Table 8-12 shows the maximum DMA transfer rates, assuming that there are 
no wait states (C; = Cy = 0). Table 8-13 shows the maximum DMA transfer 
rates, assuming there is one wait state for the read (C,; = 1) and no wait states 
for the write (Cy, = 0). Table 8-14 shows the maximum DMA transfer rates, 
assuming there is one wait state for the read (C, = 1) and one wait state for the 


write (Cy = 1). 


In each table, the time for the complete transfer (the read and the write) is con- 
sidered. Since one bus access is required for the read and another for the write, 
internal bus transfer rates will be twice the DMA transfer rate. It is also as- 
sumed that no conflicts with the CPU exist. 


Table 8-12, Maximum DMA Transfer Rates When C, = Gy = 0 


ee 
[internat [20 oyesiecc | 008 Moytesieco | 80. Moylesaeo | 
[Expansion | 22.2 Mbytesisee | 22.2 Moytesise 


Table 8-13. Maximum DMA Transfer Rates When C; = 1, Cy = 0 


ae. eee 
| internal | 88.8 Mbytestzeo | 60 Moytesieee | 588 Mbytesteco | 


Table 8-14. Maximum DMA Transfer Rates When C, = 1, Gy = 1 
P_tnternal | ___ Primary —‘|___Expansion —_‘| 
[internat | _38.3Mbytesisco | _22.2Mbytosisec | _22.2Mbytes/seo _| 


16.7 Mbytes/sec 11.1 Mbytes/sec 16.7 Mbytes/sec 
| Expansion —_—si| 16.7 Mbytes/sec 16.7 Mbytes/sec 11.1 Mbytes/sec 
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8.3.6 Synchronization of DMA Channels 


A DMA channel may be synchronized through the use of interrupts. Refer to 
Table 8-10 for the relationship between the SYNC bits of the DMA global con- 
trol register and the synchronization performed. This section describes the fol- 
lowing four synchronization mechanisms: 


Ga ~=No synchronization (SYNC = 0 0) 

Ck Source synchronization (SYNC = 0 1) 

[4 Destination synchronization (SYNC = 1 0) 

C4 Source and destination synchronization (SYNC = 1 1) 
No Synchronization 


When SYNC = 00, no synchronization is performed. The DMA performs reads 
and writes whenever there are no conflicts. All interrupts are ignored and, 
therefore, are considered to be globally disabled. However, no bits in the DMA 
interrupt enable register are changed. Figure 8-38 shows the synchronization 
mechanism when SYNC = 0 0. 


Figure 8-38. No DMA Synchronization 


Disable DMA Interrupts Globally 
DMA Channel Performs a Read 
DMA Channel Performs a Write 


Go to Start 


Source Synchronization 


When SYNC = 0 1, the DMA is synchronized to the source (see Figure 8-39). 
A read will not be performed until an interrupt is received by the DMA. Then, 
all DMA interrupts are disabled globally. However, no bits in the DMA interrupt 
enable register are changed. 
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Figure 8-39. DMA Source Synchronization 


. . 


Idle Until Enabled Interrupt Is Received 


Disable DMA Interrupts Globally 


DMA Channel Performs a Read 


DMA Channel Performs a Write 
Enable DMA Interrupts Globally 
Go to Start 


Destination Synchronization 


When SYNC = 1 0, the DMA is synchronized to the destination. First, all inter- 
rupts are ignored until the read is complete. Though the DMA interrupts are be 
considered to be globally disabled, no bits inthe DMA interrupt enable register 
are changed. A write will not be performed until an interrupt is received by the 
DMA. Figure 8—40 shows the synchronization mechanism when SYNC = 10. 


Figure 8-40. DMA Destination Synchronization 
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DMA Interrupts are Disabled Globally 


DMA Channel Performs a Read 


DMA Interrupts Are Enabled Globally 


Idle Until Enabled Interrupt Is Received 


Disable DMA Interrupts Globally 
DMA Channel Performs a Write 
Go to Start 


Source and Destination Synchronization 


When SYNC = 1 1, the DMA is synchronized to both the source and destina- 
tion. A read is performed when an interrupt is received. A write is performed 
onthe following interrupt. Source and destination synchronization when SYNC 
= 1 1 is shown in Figure 8-41. 
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Figure 8-41. DMA Source and Destination Synchronization 


Idle Until Enabled Interrupt Is Received 


Disable DMA Interrupts Globally 


DMA Channel! Performs a Write 


Enable DMA Interrupts Globally 
Go to Start 


8.3.7 DMA Interrupts 


A DMA interrupt to the CPU may be generated whenever the transfer count 
reaches zero, indicating that the last transfer has taken place. The TCINT bit 
inthe DMA global control register determines whether the interrupt will be gen- 
erated. If TCINT = 1, the DMA interrupt is generated. If TCINT = 0, the DMA 
interrupt is not generated. If the DMA interrupt is generated, the EDINT bit, bit 
10 in the interrupt enable register, must also be set to enable the CPU to be 
interrupted by the DMA. 


A second bit in the DMA global control register, the TC bit, is also generally as- 
sociated with the state of the TCINT bit and the interrupt operation. The TC bit 
determines if transfers are terminated when the transfer counter becomes zero 
or if they are allowed to continue. If TC = 1, transfers are terminated when the 
transfer count becomes zero. lf TC = 0, transfers are not terminated when the 
transfer count becomes zero. 


In general, if TCINT is 0 then TC should also be set to 0. Otherwise, the DMA 
transfer will terminate and the CPU will not be notified. If TCINT is 1 then in 
most cases TC should also be 1. In this case, the CPU will be notified when 
the transfer completes and the DMA will be halted and ready to start a new 
transfer. . 
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8.3.8 DMA Setup and Use Examples 
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Transfer a 256-word block of data from off-chip memory to on-chip memory 
and generate an interrupt on completion. The order of memory is to be main- 
tained. 


DMA source address: 800000h 
DMA destination address: 809800h 
DMA transfer counter: 00000100h 
DMA global contro!: 00000C53h 


CPU/DMA interrupt enable (IE): 00000400h 


Transfer a 128-word block of data from on-chip memory to off-chip memory 
and generate an interrupt on completion. The order of memory is to be in- 
verted, i.e., the highest addressed member of the block is to become the lowest 
addressed member. 


DMA source address: 809800h 


DMA destination address: 800000h 
DMA transfer counter: 00000080h 
DMA global control: 00000C93h 


CPU/DMA interrupt enable (IE): 00000400h 


Transfer a 200-word block of data from the serial port 0 receive register to on- 
chip memory and generate an interrupt on completion. The transfer is to be 
synchronized with the serial port 0 receive interrupt. 


DMA source address: 80804Ch 
DMA destination address: 809C00h 
DMA transfer counter: 000000C8h 
DMA global control: 00000D43h 


CPU/DMA interrupt enable (IE): 00200400h 


Transfer a 200-word block of data from off-chip memory to the serial port 0 
transmit register and generate an interrupt on completion. The transfer is to be 
synchronized with the serial port 0 transmit interrupt. 


DMA source address: 809C00h 
DMA destination address: 808048h 
DMA transfer counter: 000000C8h 
DMA global control: 00000E13h 


CPU/DMA interrupt enable (IE): 00400400h 
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Transfer data continuously between the serial port 0 receive register and the 
serial port 0 transmit register to create a digital loop back. The transfer is to be 
synchronized with the serial port 0 receive and transmit interrupts. 


DMA source address: 80804Ch 

_ DMA destination address: 808048h 
DMA transfer counter: 00000000h 
DMA global control: 00000303h 


CPU/DMA interrupt enable (IE): 00600000h 


8.3.9 DMA Initialization/Reconfiguration 


The DMA is controlled through memory-mapped registers located on the dedi- 
cated peripheral bus. A general procedure for initializing and/or reconfiguring 
the DMA follows: 


1) Halt the DMA by clearing the START bits of the DMA global-control regis- 
ter. This can be accomplished by writing a0 to the DMA global-control reg- 
ister. Note that the DMA is halted on RESET. 


2) Configure the DMA via the DMA global-control register (with START = 00), 
as well as the DMA source, destination, and transfer-counter registers, if 
necessary. Refer to subsection 8.3.8, “DMA Setup and Use Examples.” 


3) Startthe DMA by setting the START bits of the DMA global-control register © 
as necessary. 


8-53 


8-54 Peripherals 


| 9 Pipeline Operation 


Chapter 9 


Pipeline Operation 


Two characteristics of the TMS320C3x that contribute to its high performance 
are pipelining and concurrent I/O and CPU operation. 


Five functional units control TMS320C3x operation: fetch, decode, read, ex- 
ecute, and DMA. Pipelining is the overlapping or parallel operations of the 
fetch, decode, read, and execute levels of a basic instruction. 


By performing input/output operations, the DMA controller reduces the need . 
for the CPU to do so, thereby decreasing pipeline interference and enhancing 
the CPU’s computational throughput. 


Major topics discussed in this chapter are as follows: 
G4 Pipeline Structure (Section 9.1 on page 9-2) 


Gi Pipeline Conflicts (Section 9.2 on page 9-4) 
f Branch conflicts 
G Register conflicts 
& Memory conflicts 


C4 Resolving Memory Conflicts (Section 9.4 on page 9-19) 


£4 Clocking of Memory Accesses (Section 9.5 on page 9-21) 
f Program fetches 


O Data loads and stores 
Cf DMA accesses 
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9.1 Pipeline Structure 


The five major units of the TMS320C3x pipeline structure and their functions 


are as follows: 


Fetch Unit (F) Fetches the instruction words from memory and 
updates the program counter (PC). 
Decode Unit (D) Decodes the instruction word and performs ad- 


dress generation. Also controls any modification of 
the auxiliary registers and the stack pointer. 


Read Unit (R) lf required, reads the operands from memory. 


Execute Unit (E) If required, reads the operands from the register 
file, performs the necessary operation, and writes 
results to the register file. If required, results of pre- 
vious operations are written to memory. 


DMA Channel (DMA) Reads and writes memory. 


A basic instruction has four levels: fetch, decode, read, and execute. 
Figure 9-1 illustrates these four levels of the pipeline structure. The levels are 
indexed according to instruction and execution cycle. The perfect overlap in 
the pipeline, where all four units operate in parallel, occurs at cycle (m). Those 
levels about to be executed are at m +1, and those just executed are at m—1. 
The TMS320CS8x pipeline control allows a high-speed execution rate of one ex- 
ecution per cycle. It also manages pipeline conflicts so that they are transpar- 
ent to the user. You do not need to take any special precautions to guarantee 
correct operation. 
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Figure 9-1. TMS320C3x Pipeline Structure 
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1) W, X, Y, and Z represent instructions. 
2) F, D, R, E = fetch, decode, read, and execute, respectively. 


Priorities from highest to lowest have been assigned to each of the functional 
units as follows: 

Gk ~=Execute (highest) 
Ci Read 

Ci Decode 

fi Fetch 

Ci DMA (lowest). 


When the processing of an instruction is ready to pass to the next higher pipe- 
line level, but that level is not ready to accept a new input, a pipeline conflict 
occurs. In this case, the lower priority unit waits until the higher priority unit 
completes its currently executing function. 


Despite the DMA controllers low priority, conflicts with the CPU can be mini- 
mized or even eliminated by suitable data structuring because the DMA con- 
troller has its own data and address buses. 


9.2 Pipeline Conflicts. 


9.2.1 


9-4 


The pipeline conflicts of the TMS320C3x can be grouped into the following 
main categories: 


Branch Conflicts Involve most of those instructions or operations 
that read and/or modify the PC. 

Register Conflicts Involve delays that can occur when reading from or 
writing to registers that are used for address gen- 
eration. 

Memory Conflicts Occur when the internal units of the TMS320C3x 


compete for memory resources. 


Each of these three types is discussed in the following sections. Examples are 
included. Note in these examples, when data is refetched or an operation is 
repeated, the symbol representing the stage of the pipeline is appended with 
anumber. For example, if a fetch is performed again, the instruction mnemonic 
is repeated. When an access is detained multiple cycles because of not ready, 
the symbols RDY and RDY are used to indicate not ready and ready, respec- 
tively. 


Branch Conflicts 


The first class of pipeline conflicts occurs with standard (non-delayed) 
branches, i.e., BR, Bcond, DBcond, CALL, IDLE, RPTB, RPTS, RETIicond, 
RETScond, interrupts, and reset. Conflicts arise with these instructions and 
operations because during their execution, the pipeline is used only for the 
completion of the operation; other information fetched into the pipeline is dis- 
carded or refetched, or the pipeline is inactive. This is referred to as flushing 
the pipeline. Flushing the pipeline is necessary in these cases to guarantee 
that portions of succeeding instructions do not inadvertently get partially ex- 
ecuted. TRAPcond and CALLcond are classified differently from the other 
types of branches and are considered later. 


Example 9-1 shows the code and pipeline operation for a standard branch. 
Note that one dummy fetch is performed (MPYF instruction), and then after the 
branch address is available, a new fetch (OR instruction) is performed. This 
dummy fetch affects the cache. 
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Example 9-1. Standard Branch 


BR THREE ; Unconditional branch 
MPYF ; Not executed 
ADD . ; Not executed 
SUBF ; Not executed 
AND 7 Not executed 
THREE. OR ; Fetched after BR is fetched 
STI 


PIPELINE OPERATION 


PC | oF | oD R E 
n BR 7 a - 
n+1 MPYF BR - - 
n+1 (nop) (nop) ‘ BR - 
n+1 | (nop) (nop) (nop) BR 


THREE er OR (nop) (nop) (nop) 

ye 7 STI OR (nop) (nop) 

THREE — PC Fetch held for 
new PC value 


-RPTS and RPTB both flush the pipeline, allowing the RS, RE, and RC registers 
to be loaded at the proper time relative to the flow of the pipeline. If these regis- 
ters are loaded without the use of RPTS or RPTB, no flushing of the pipeline 
occurs. If none of the repeat modes are being used, RS, RE, and RC may be 
used as general-purpose 32-bit registers without any pipeline conflicts occur- 
ring. In cases such as the nesting of RPTB due to nested interrupts, it may be 
necessary to load and store these registers directly while using the repeat 
modes. Since up to four instructions can be fetched before entering the repeat 
mode, loads should be followed by a branch to flush the pipeline. If the RC is 
changing when an instruction is loading it, the direct load takes priority over the 
modification made by the repeat mode logic. 


9-5 


Pipeline Conflicts 


Ta aR SSS 


Delayed branches are implemented to guarantee the fetching of the next three 
instructions. The delayed branches include BRD, BcondD, and DBconaD. 
Example 9-2 shows the code and pipeline operation for a delayed branch. 


Example 9-2. Delayed Branch 


BRD THREE ; Unconditional delayed branch 
MPYF ; Executed 
ADD ; Executed 
SUBF j; Executed 
AND ; Not executed 
THREE MPYF ; Fetched after SUBF is fetched 
PIPELINE OPERATION 

PC | F | D | R | E | 

n BRD — - - 

n+1 MPYF BRD - - No execute delay 

n+2 ADDF MP YF BRD - 

n+3 SUBF ADDF MPYF BRD 

ye MPYF SUBF ADDF MP YF 


THREE ~— PC 


9.2.2 Register Conflicts 


Register conflicts involve the reading or writing of registers used for addressing 
purposes. These conflicts occur when the pertinent register is not ready to be 
used. Some conditions under which register conflicts can be avoided are dis- 
cussed in Section 9.3. ? 


The registers compose the following three functional groups: 
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Group 1 Auxiliary registers (ARO — AR7), index registers (IRO, IR1), and 
block size register (BK) 


Group 2 Data-page pointer (DP) 
Group 3 System stack pointer (SP) 


If an instruction writes to one of these three groups, the decode unit cannot use 
any register within that particular group until the write is complete, i.e., instruc- 
tion execution is completed. In Example 9-3, an auxiliary register is loaded, 
and a different auxiliary register is used on the next instruction. Since the de- 
code stage needs the result of the write to the auxiliary register, the decode of 
this second instruction is delayed two cycles. Every time the decode is delayed, 
a refetch of the program word is performed; i.e., the ADDF is fetched three 
times. Since these are actual refetches, they can cause not only conflicts with 
the DMA controller but also cache hits and misses. 


Example 9-3. Write to an AR Followed by an AR for Address Generation 


LDI 7,AR1 77 ARI 

NEXT MPYF *AR2,R0 ; Decode delayed 2 cycles 
ADDF 
FLOAT 


PIPELINE OPERATION 


| F | D | RF [ E | 
LDI ~_ _ _ 
MPYF LDI 


Decode/address 
generation held 
for a new AR value 


ADDF MPYF (nop) LDI 7,AR1 AR1 loaded 
ADDF MPYF (nop) (nop) 
FLOAT ADDF MPYF (nop) 


The case for reads of these groups is similar to the case for writes. If an 
instruction must read a member of one of these groups, the use of that particu- 
lar group by the decode for the following instruction is delayed until the read 
is complete. The registers are read at the start of the execute cycle and there- 
fore require only a one-cycle delay of the following decode. For four registers 
(1RO, IR1, BK, or DP) no delay is incurred. In all other cases, including the SP 
the delay occurs. 
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In Example 9-4, two auxiliary registers are added together with the result go- 
ing to an extended-precision register. The next instruction uses a different aux- 
iliary register as an address register. 


Example 9-4. A Read of ARs Followed by ARs for Address Generation 


n+2 


n+3 


ADDI ARO,AR1,R1 ; ARO + ARI — R1 
NEXT MPYF *++AR2,RO ; Decode delayed 1 cycle 
ADDF 
FLOAT 


PIPELINE OPERATION 


Decode/address 
generation held 
until AR is read 


QS ARs read 
ADDF . MPYF| ADDI = 


ADDF MPYF (nop) ADDI ARO,AR1,R0 


FLOAT ADDF MP YF (nop) 


The DBR (decrement and branch) instruction’s use of auxiliary registers for 
loop counters is treated the same as if the use were for addressing. Therefore, 


the operation shown in the two previous examples can also occur for this in- 


struction. 
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9.2.3 Memory Conflicts 


Memory conflicts can occur when the memory bandwidth of a physical memory 
space is exceeded. For example, RAM blocks 0 and 1 and the ROM block can 
support only two accesses every cycle. The external interface can support only 
one access per cycle. Some conditions under which memory conflicts can be 
avoided are discussed in Section 9.4. 


Memory pipeline conflicts consist of the following four types: 


Program Wait A program fetch is prevented from begin- 
ning. 

Program Fetch Incomplete A program fetch has begun but is not yet 
complete. 

Execute Only An instruction sequence requires three CPU 


data accesses in a single cycle. 


- Hold Everything A primary or expansion bus operation must 
complete before another one can proceed. 


These four types of memory conflicts are illustrated in examples and discussed 
in the paragraphs that follow. 


Program Wait 
Two conditions can prevent the program fetch from beginning: 


C4 The start of a CPU data access when 


m Two CPU data accesses are made to an internal RAM or ROM block, 
and a program fetch from the same block is necessary. 

m@ One ofthe external ports is starting a CPU data access, and aprogram 
fetch from the same port is necessary. 


C4 A multicycle CPU data access or DMA data access over the external bus 
is needed. 
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Example 9-5 illustrates a program wait untila CPU data access completes. In 
this case, “ARO and *AR1 are both pointing to data in RAM block 0, and the 
MPYF instruction will be fetched from RAM block 0. This results in the conflict 
shown. Since no more than two accesses can be made to RAM block 0 ina 
single cycle, the program fetch cannot begin and must wait until the CPU data 
accesses are complete. 


Example 9-5. Program Wait Until CPU Data Access Completes 
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ADDF3 *ARO, *AR1,RO 
FIX 

MPYF 

ADDF3 

NEGB 


PIPELINE OPERATION 


Fetch held until 
ARs are read 
FIX ADDF3 - 


el ARs read 
(WAIT)| FIX  ADDF3 = 


MPYF (nop) FIX ADDF3 *ARO,AR1, RO 
ADDF3 MPYF (nop) FIX 


NEGB ADDF3 MPYF (nop) 


Example 9—6 shows a program wait due to a multicycle data-data access or 
amulticycle DMA access. The ADDF, MPYF, and SUBF are fetched from some 
portion in memory other than the external port the DMA requires. The DMA be- 
gins a multicycle access. The program fetch corresponding to the CALL is 
made to the same external port the DMA is using. 


Either of two cases may produce this situation: 


[i Crossing one of two memory boundaries 
mM from 7F FFFFh to 80 0000h, or 
™ from 80 9FFFh to 80 AOOOh. 


{a Code is executed that has been cached, and the instruction prior to the - 
ADDF is one of the following (conditional or unconditional): 
™ adelayed branch instruction, or 
™ adelayed decrement and branch instruction 


Even though the DMA has the lowest priority, multicycle access cannot be 
aborted. The program fetch must therefore wait until the DMA access com- 
pletes. 
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Example 9-6. Program Wait Due to Multicycle Access 


PIPELINE OPERATION 
ef bef Bp ee 

ADDF - ~ _ 

MPYF § ADDF - - 

a 

SUBF MPYF ADDF _ 

. 2-cycle DMA access 
(WAIT) SUBF MPYF ADDF J 

CALL (nop) SUBF MPYF 

- CALL (nop) SUBF 


Program Fetch Incomplete 


A program fetch incomplete occurs when a program fetch takes more than one 
cycle to complete due to wait states. In Example 9-7, the MPYF and ADDF are 
fetched from memory that supports single-cycle accesses. The SUBF is 
fetched from memory requiring one wait state. One example that demonstrates 
this conflict is a fetch across a bank boundary onthe primary port. See Sec- 


tion 7.4. 


Example 9-7. Multicycle Program Memory Fetches 


PC 

n 

n+1 

n+2 RDY 
n+2 RDY 


n+3 


PIPELINE OPERATION 


(nop) 


SUBF 


E | 
=Tr 
7 1 wait state required 
MPYEF os 
ADDF 
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Execute Only 


The Execute Only type of memory pipeline conflict occurs when a sequence 
of instructions requires three CPU data accesses in a single cycle or when per- 
forming an interlocked load. There are three cases in which this occurs: 


Ci Aninstruction performs a store and is followed by an instruction that does 
two memory reads. 


Gi An instruction performs two stores and is followed by an instruction that 
performs at least one memory read. 


{4 An interlocked load (LDII or LDF1) instruction is performed, and XF1 = 1. 


The first case is shown in Example 9-8. Since this sequence requires three 
data memory accesses and only two are available, only the execute phase of 
the pipeline is allowed to proceed. The dual reads required by the LDF || LDF 
is delayed one cycle. Note that a refetch of the next instruction can occur. 


Example 9-8. Single Store Followed by Two Reads 


STF RO, *AR1 7; RO — *ARL 
LDF *AR2,R1 ; *AR2 R11 in parallel with 
|| LDF *XAR3,R2 ; *AR3 — R2 


PIPELINE OPERATION 


Foe} BD {| R | E | 
STF - - - 
LDF|| LDF STF ~ ~ 
W LDF|| LDF STF a Write must complete 
K before the two 
pe Ww LDE|| LDF STF RO,*AR1 reads can complete. 
X Ww LDF|| LDF (nop) 


Y x W LDFI| LDF *AR2,R1 and *AR3,R2 
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Example 9-9 shows a parallel store followed by a single load or read. Since 
the two parallel stores are required, the next CPU data memory read must wait 
a cycle before beginning. One program memory refetch may occur. 


Example 9-9. Parallel Store Followed by Single Read 


STF RO, *ARO ; RO — *ARO in parallel with 
|| STF R2,*ARL  ;R2 — *ARL 

ADDF @SUM,R1 ;R1 + @SUM > R1 

IACK 

ASH 

PIPELINE OPERATION 
PC | F | D | R | E | 
n STF|| STF | - _ ae Head must 

wait until the 
writes are complete 

n+1 ADDF stF|| STF = 
n+2 LACK ADDF STF|| STF 
n+3 ASH IACK ADDF stF|| STF R0,*ARO and R2, *AR1 
nea ASH IACK ADDF (nop) 
n+4 S ASH IACK ADDF 
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The final case involves an interlocked load (LDII or LDF) instruction and XF1 
= 1. Since the interlocked loads use the XF1 pin as an acknowledge that the 
read can complete, they may need to extend the read cycle, as shown in 
Example 9-10. Note that a program refetch may occur. 


Example 9-10. Interlocked Load 
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NOT R1, RO 
LDII 300h, AR2 
ADDI *AR2,R2 
CMPI RO, R2 


PIPELINE OPERATION 
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Hold Everything — 
There are three types of Hold Everything memory pipeline conflicts: 


Ci A CPU data load or store cannot be performed because an external port 
is busy. 


Cy An external load takes more than one cycle. 
Ch Conditional calls and traps. 


The first type of Hold Everything conflict occurs when one of the external ports 
is busy due to an access that has started but is not complete. In Example 9-11, 
the first store is a two-cycle store. The CPU writes the data to an external port. 
The port control then takes two cycles to complete the data-data write. The 
LDF is a read over the same external port. Since the store is not complete, the 
CPU continues to attempt LDF until the port is available. 


Example 9-11. Busy External Port — 


STF RO, @DMAL 
LDF @DMA2, RO 


PIPELINE OPERATION 
| F | DR] Ee | 
STF - - ~ 
LDF STF - - 
W LDF STF - 
W LDF (nop) STF af 
_2-cycle external bus 
W LDF (nop) (nop) J write access 
4 W LDF (nop) 
Y x W LDF 


The second type of Hold Everything conflict involves multicycle data reads. 
The read has begun and continues until completed. In Example 9—12, the LDF 
is performed from an external memory that requires several cycles to com- 
plete. 


Example 9-12. Multicycle Data Reads 


LDF @DMA, RO 


PIPELINE OPERATION 

PC | F | D | R | E | 
n LDF - - - 
n+1 I LDF _ - 
n+2 J ie LDF - cil 

. 2-cycle external bus 
n+3 K ,(dummy) I LDF - ay read access 
n+3 Ko J I LDF 


The final type of Hold Everything conflict deals with conditional calls and traps, 
which are different from the other branch instructions. Whereas the other 
branch instructions are conditional loads, the conditional calls and traps are 
conditional stores, which take one cycle more than a conditional branch (see 
Example 9-13). The added cycle is used to push the return address after the 
call condition is evaluated. 


Example 9-13. Conditional Calls and Traps 
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PIPELINE OPERATION 

PC | F | D | R | E | 
n CALLcond - = = 
n+1 aa CALLcond - - 
n+1 (nop) (nop) erriioend - 
n+ (nop) (nop) (nop) CALLcond 

PC store 
n+1 . (nop) (nop) (nop) CALLcond cycle 
n+2/CALLaddr I (nop) (nop) (nop) 
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9.3 Resolving Register Conflicts 


If the auxiliary registers (AR7—ARO), the index registers (IRi-IRO), data page 

- pointer (DP), or stack pointer (SP) is accessed for any reason other than ad- 
dress generation, pipeline conflicts associated with the next memory access 
may occur. The pipeline conflicts and delays were presented in subsection 
9.2.2. 


The following examples, Example 9-14 through Example 9-16, demonstrate 
some common uses of these registers that do not produce a conflict or ways 
that the conflict can be avoided. 


Example 9-14. Address Generation Update of an AR Followed b y an AR for Address.Generation 


LDF 7.0,R0 5 70" => RO 
MPYF *++ARO (IR1),RO 

ADDF *AR2,RO 

FIX 

MPYF 

ADDF 


PIPELINE OPERATION 


PC | F | D | R | E | 
n LDF - - _ 
Address generation and AR update 
n+1 MP YF LDF ae 
n42 ADDF MPYF "opr os Address generation 
n+3 FIX ADDF MPYF LDF 
n+4 MPYF FIX ADDF MP YF 
n+5 ADDF MPYF FIX ADDF 
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Example 9-15. Write to an AR Followed by an AR for Address Generation Without a Pipeline Conflict 


LDI @TABLE, AR2 
MPYF @VALUE, R1 
ADDF R2,R1 
MPYF *AR2++,R1 
SUBF : 

- STF 


PIPELINE OPERATION 


No AR address 
n upt = generation done 
for these two 
n+1 MP YF LDI instructions 
AR2 used for 


ADDF MPYF ; 
n+2 address generation 


n+3 MP YF ADDF 7, AR2 @#—___ 
AR2 loaded 
n+4 SUBF MPYF ADDF MPYF 
n+5 STF SUBF MPYF ADDF 
Example 9-16. Write to DP Followed by a Direct Memory Road Without a Pipeline Conflict 
LDP TABLE _ADDR 
POP RO 
LDF *-AR3(2),R1 
LDI @TABLE_ADDR, ARO 
PUSHF R6 
PUSH R4 
PIPELINE OPERATION 
PC | F | D | R | ue | 
n LDP = = = 
n+1 POP LDP pa = 
n+2 LDF POP LDP = a DP loaded 
n+3 LDI LDF POP LDP 
n+4 PUSHF  LDI LDF POP 
n+5 PUSH PUSHF. LDI LDF 
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9.4 Hesolving Memory Conflicts 


If program fetches and data accesses are performed in such a manner that the 
resources being used cannot provide the necessary bandwidth, the program 
fetch is delayed until the data access is complete. Certain configurations of 
program fetch and data accesses yield conditions under which the 
TMS320C3x can achieve maximum throughput. 


Table 9-1 shows how many accesses can be performed from the different 
memory spaces when it is necessary to do a program fetch and a single data 
access, and still achieve maximum performance (one cycle). Four cases 
achieve one-cycle maximization. 


Table 9-1. One Program Fetch and One Data Access for Maximum Performance 

Case # Primary Bus Accesses From Expansion Bust 

Accesses Dual-Access Or Peripheral 
Internal mow Accesses 

a 
2 from any 
combination 
of internal memory 


(ae Saat ae 


T Expansion bus only available on TMS320C30. 
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Table 9-2 shows how many accesses can be performed from the different 
memory spaces when it is necessary to do a program fetch and two data ac- 
cesses, still achieving maximum performance (one cycle). Six cases achieve 
this maximization. 


Table 9-2. One Program Fetch and Two Data Accesses for Maximum Performance 


Accesses From Expansiont Or 
Dual-Access Peripheral Bus 
Internal Memory Accesses 


2 from any 
combination 
of internal memory 


2 from same internal 
memory block and 
1 from a different 
internal memory 


3 from different 
internal memory 
blocks 


2 from any 
combination 
of internal memory 


t Expansion bus available only on TMS320C30. 
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9.5 


9.5.1 


Clocking of Memory Accesses 


Internal clock phases (H1 and H3) and their relationship to memory accesses 
are discussed in this section to show how the TMS320C3x handles multiple 
memory accesses. Whereas the previous section discussed the interaction 
between sequences of instructions, this section discusses the flow of data on 
an individual instruction basis. 


Each major clock period of 60 ns is composed of two minor clock periods of 
30 ns, labeled H3 and H1. The active clock period for H3 and H1 is the time 
when that signal is high. 


; or Major Clock Period 


The precise operation of memory reads and writes can be defined according 
to these minor clock periods. The types of memory operations that can occur 
are program fetches, data loads and stores, and DMA accesses. 


Program Fetches 


Internal program fetches are always performed during H3 unless a single data 
store must occur at the same time due to another instruction in the pipeline. 
In this case, the program fetch occurs during H1 and the data store during H3. 


External program fetches always start at the beginning of H3 with the address 
being presented on the external bus. At the end of H1, they are completed with 
the latching of the instruction word. 
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9.5.2 Data Loads and Stores 


Four types of instructions perform loads, memory reads, and stores: two-oper- 
and instructions, three-operand instructions, multiplier/ALU operation with 
store instructions, and parallel multiply and add instructions. See Chapter 5 for 
detailed information on addressing modes. 


As discussed in Chapter 7, the number of bus cycles for external memory 
accesses differs in some cases from the number of CPU execution cycles. For 
external reads, the number of bus cycles and CPU execution cycles is identi- 
cal. For external writes, there are always at least two bus cycles, but unless 
there is a port access conflict, there is only one CPU execution cycle. In the 
following examples, any difference in the number of bus cycles and CPU cycles 
is noted. 


Two-Operand Instruction Memory Accesses 


Two-operand instructions include all those instructions with bits 31 — 29 being 
000 or 010 (see Figure 9-2). In the case of a data read, bits 15 — 0 represent 
the srcoperand. Internal data reads are always performed during H1. External 
data reads always start at the beginning of H3 with the address being pres- 
ented on the external bus, and they ee with the latching of the data word 
at the end of H1. 


In the case of a data store, bits 15 —- 0 represent the dstoperand. Internal data 
stores are performed during H3. External data stores always start at the begin- 
ning of H3 with the address and data being presented on the external bus. 


Figure 9-2. Two-Operand Instruction Word 
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Three-Operand Instruction Memory Reads 


Three-operand instructions include all instructions with bits 31 — 29 being 001 
(see Figure 9-3). The source operands, src? and src2, come from either regis- 
ters or memory. When one or more of the source operands are from memory | 
these instructions are always memory reads. 


If only one of the source operands is from memory (either src7 or src2) and is 
located in internal memory, the data is read during H1. If the single memory 
source operand is in external memory, the read starts at the beginning of H3, 
with the address being presented on the external bus, and completes with the 
latching of the data word at the end of H1. 


Pipeline Operation 


If both source operands are to be fetched from memory, then several cases oc- 
cur. If both operands are located in internal memory, the src? read is performed 
during H3 and src2 during H1, thus completing two memory reads in a single 
cycle. 


If sre7 is in internal memory and src2 is in external memory, the src2 access 

‘begins at the start of H3 and latches at the end of H1. At the same time, the 
src? access to internal memory is performed during H3. Again, two memory 
reads are completed in a single cycle. 


If src7 is in external memory and srcZis in internal memory, two cycles are nec- 
essary to complete the two reads. In the first cycle, the internal src2 access is 
performed. The src7 is also performed, but not latched until the next H3. 


If src? and src2 are both from external memory, two cycles are required to com- 
plete the two reads. In the first cycle, the src7 access is performed and loaded 
on the next H3; in the second cycle, the src2 access is performed and loaded 
on that cycle’s H1. 


Figure 9-3. Three-Operand Instruction Word 
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Coe fo” 


foo 4| srci src2 


Operations with Parallel Stores 


The next class of instructions includes all instructions that have a'store in paral- 
lel with another instruction. Bits 31 and 30 for these instructions are equal to 
lk 


For those operations that perform a multiply or ALU operation in parallel with 
a store, the instruction word format is shown in Figure 9—4. If the store opera- 
tion to dst2 is external or internal, it is performed during H3. Two bus cycles 
are required for external stores, but only one CPU cycle is necessary to com- 
plete the write. | 


lf the memory read operation is external, it starts at the beginning of H3 and 
latches atthe end of H1. If the memory read operation is internal, itis performed 
during H1. Note that memory reads are performed by the CPU during the read 
(R) phase of the pipeline, and stores are performed during the execute (E) 
phase. 
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Figure 9-4. Multiply or CPU Operation With a Parallel Store 
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The instruction word format for those instructions that have parallel stores to 
memory is shown in Figure 9-5. If both destination operands, dst? and dst2, 
are located in internal memory, dst7 is stored during H3 and dst2 during H1, 
thus completing two memory stores in a single cycle. 


_ If dst7 is in external memory and ds?2 is in internal memory, the dst? store be- 


gins at the start of H3. The dst2 store to internal memory is performed during 
H1. Two bus cycles are required for the external store, but only one CPU cycle 
is necessary to complete the write. Again, two memory stores are completed 
in a single cycle. 


If dst7 is in internal memory and ds#2is in external memory, an additional bus 
cycle is necessary to complete the dst2store. Only one CPU cycle is necessary 
to complete the write, but the port access requires three bus cycles. In the first 
cycle, the internal dst7 store is performed during H3, and dst2 is written to the 
port during H1. During the next cycle, the dst2 store is performed on the exter- 
nal bus, beginning in H3, and executes as normal through the following cycle. 


lf dst? and dst2 are both written to external memory, a single CPU cycle is still 
all that is necessary to complete the stores. In this.case, four bus cycles are 
required. 


1) Inthe first cycle, both dst7 and dst2 are written to the port, and the external 
bus access for dst? begins. 


2) The store for dst7 is completed on the second cycle, and the store for dsi2 
begins on the third external bus cycle. 


3) Finally, the store for dst2 is completed on the fourth external bus cycle. 
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Figure 9-5. Two Parallel Stores 
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Parallel Multiplies and Adds 


Memory addressing for parallel multiplies and adds is similar to that for three- 
operand instructions. The parallel multiplies and adds include all instructions 
with bits 31 — 30 equal to 10 (see Figure 9-6). 


For these operations, src3 and src4 are both located in memory. If both oper- 
ands are located in internal memory, src3is performed during H3, and src4is 
performed during H1, thus completing two memory reads in a single cycle. — 


If src3 is in internal memory and src4 is in external memory, the src4 access 
begins at the start of H3 and latches at the end of H1. At the same time, the 
src3 access to internal memory is performed during H3. Again, two memory 
reads are completed in a single cycle. . 


If src3is in external memory and src4is in internal memory, two cycles are nec- 
essary to complete the two reads. In the first cycle, the internal src4 access is 
performed. During the H3 of the next cycle, the src3 access is performed. 


lf src3 and src4 are both from external memory, two cycles are necessary to | 
complete the two reads. In the first cycle, the src3 access is performed; in the 
second cycle, the src4 access is performed. 


Figure 9-6. Parallel Multiplies and Adds 
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Chapter 10 


Assembiy Language insirucitions 


The TMS320C3x assembly language instruction set supports numeric-intensive, signal 
processing, and general-purpose applications. The instructions are organized into major 
groups consisting of load-and-store, two- or three-operand arithmetic/logical, parallel, 
program control, and interlocked operations instructions. The addressing modes used 
with the instructions are described in Chapter 5. 


The TMS320C3x instruction set can also use one of 20 condition codes with any of the 
10 conditional instructions, such as LDFcond:. This chapter defines the condition codes 
and flags. 


The assembler allows optional syntax forms to simplify the assembly language for spe- 
cial-case instructions. These optional forms are listed and explained. 


Each of the individual instructions is described and listed in alphabetical order. An exam- 
ple instruction (see pages 10-13 through 10-15) demonstrates the special format used 
and explain its content. 


This chapter discusses the following major topics: 

Ci Instruction Set (Section 10.1 on page 10-3) 
H Load-and-store instructions 

Two-operand arithmetic/logical instructions 


Three-operand arithmetic/logical instructions 


5B & & 


Program control instructions 
@ Interlocked operations instructions 
H Parallel operations instructions 
{4 Condition Codes and Flags (Section 10.2 on 10-9) 
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Individual Instructions (Section 10.3 on page 10-12) 
— Symbols and abbreviations used in instructions 
m Optional assembler syntaxes 


Individual instruction descriptions alphabetized and including 


Syntax 
Operation 
Operands 
Encoding 
Description 
Cycles 
Status bits 
Mode bit 
Example(s) 
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Instruction Set 


10.1 Assembly Language Instructions — Instruction Set 


The TMS320C3x instruction set is exceptionally well-suited to digital signal processing 
and other numeric-intensive applications. All instructions are a single machine word long, 
and most instructions take a single cycle to execute. In addition to multiply and accumulate 
instructions, the TMS320C3x possesses a full complement of general-purpose instruc- 
tions. 


The instruction set contains 113 instructions organized into the following functional 
groups: 


Load-and-store 

Two-operand arithmetic/logical 
Three-operand arithmetic/logical 
Program control 


Interlocked operations 


Uioo od 


Parallel operations 


Each of these groups is discussed in the succeeding subsections. 


10.1.1. Load-and-Store Instructions 


The TMS320C3x supports 12 load-and-store instructions (see Table 10—1). These in- 
structions can 


Ly Load a word from memory into a register, 
C4 Store a word from a register into memory, or 
Gi Manipulate data on the system stack. 


Two of these instructions can load data conditionally. This is useful for locating the maxi- 
mum or minimum value in a data set. See Section 10.2 for detailed information on condi- 
tion codes. 


Table 10-1. Load-and-Store Instructions 


[instruction | Deseription | Instruction | Description 
Load floating-point exponent | POP | Pop integer from stack 
Load floating-point value POPF Pop floating-point value from stack 


LDF cond Load floating-point value PUSH Push integer on stack 
conditionally 


PUSHF Push floating-point value on stack 
LDIcond Load integer conditionally Store floating-point value 
Load floating-point mantissa Store integer 
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10.1.2 Fwo-Operand Instructions 


The TMS320C3x supports a complete set of 35 two-operand arithmetic and logical in- 
structions. The two operands are the source and destination. The source operand may 
be amemory word, aregister, or a part of the instruction word. The destination operand is 
always a register. 


These instructions provide integer, floating-point, or logical operations, and multiprecision 
arithmetic. Table 10-2 lists these instructions. 


Table 10-2. Two-Operand Instructions 


| —sDescription = | ——s“Description = 


neuen Absolute value of a floating- steven Normalize floating-point value 
point number 


[ABST | Absotto value ofaninteger [NOT | Btiso ogical-complement__| 


ANDNT Bitwise logical-AND with Rotate right 
complement 
ASHT Arithmetic shift RORC Rotate right through carry 


CMPFT Compare floating-point values SUBBT Subtract integers with borrow 
Cmpit Compare integers SUBG Subtract integers conditionally 


FIX Convert floating-point value to SUBF Subtract floating-point values 
integer 

FLOAT Convert integer to floating-point SUBI Subtract integer 
value 

LSHT Logical shift SUBRB Subtract reverse integer with 

borrow 
MPYFt Multiply floating-point values SUBRF Subtract reverse floating-point 
value 


T Two- and three-operand versions 
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10.1.3 Three-Operand Instructions 


Most instructions have only two operands; however, some arithmetic and logical instruc- 
tions have three-operand versions. The 17 three-operand instructions allow the 
TMS320C3x to read two operands from memory or the CPU register file in a single cycle 
and store the results in a register. The following differentiates the two- and three-operand 
instructions: 


G4 =Two-operand instructions have a single source operand (or shift count) and a destina- 
tion operand. “ 


C4 =Three-operand instructions may have two source operands (or one source operand 
and acount operand) and a destination operand. A source operand may be amemory 
word or a register. The destination of a three-operand instruction is always a register. 


Table 10-3 lists the instructions that have three-operand versions. Note that the 3 in the 
mnemonic can be omitted from three-operand instructions (see Section 10.3.2). 


Table 10-3. Three-Operand Instructions 


[struction | Description [Instruction | Description 


ASH3 Arithmetic shift SUBI3 Subtract integers 
CMPF3 Compare floating-point values TSTB3 Test bit fields 
CMPI3 Compare integers XOR3 Bitwise exclusive-OR 


Logical shift , 


10.1.4 Program Control Instructions 


LSH3 


The program-control instruction group consists of all of those instructions (16) that affect 
program flow. The repeat mode allows repetition of a block of code (RPTB) or of a single 
line of code (RPTS). Both standard and delayed (single-cycle) branching are supported. 
Several of the program control instructions are capable of conditional operations (see 
Section 11.2 for detailed information on condition codes). Table 10-4 lists the program 
control instructions. 
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Table 10-4. Program Control Instructions 


[instruction | Deseription | Instruction | Description 
[Beene [Branch condtonaly (delayed) | NOP [Noperaion 
en [str ena cinti)_| “nena [rei ton nian 


Branch unconditionally (delayed) RETScond | Return from subroutine 
conditionally 


CALL Call subroutine RPTB Repeat block of instructions 
CALLcond | Call subroutine conditionally RPTS Repeat single instruction 


DBcond Decrement and branch SWI Software interrupt 
conditionally (standard) 

DBconaD | Decrement and branch TRAPcond | Trap conditionally 
conditionally (delayed) 


IACK Interrupt acknowledge 


10.1.5 Interlocked Operations Instructions 


The interlocked operations instructions support multiprocessor communication and the 
use of external signals to allow for powerful synchronization mechanisms. They also guar- - 
antee the integrity of the communication and result in a high-speed operation. Refer to 

_ Chapter 7 for examples of the use of interlocked instructions. 


Table 10-5. Interlocked Operations Instructions 


[esruton | —“pesspion Tinton [essen 


10.1.6 Parallel Operations Instructions 


The parallel-operations instructions group makes a high degree of parallelism possible. 
Some of the TMS320C3x instructions can occur in pairs that will be executed in parallel. 
These instructions offer the following features: 


Ci Parallel loading of registers, 
C1 Parallel arithmetic operations, or 
{i ~=Arithmetic/logical instructions used in parallel with a store instruction. 


Each instruction in a pair is entered as a separate source statement. The second instruc- 
tion in the pair must be preceded by two vertical bars (||). Table 10-6 lists the valid instruc- 
tion pairs. 
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Table 10-6. Parallel Instructions 


[winemonie [~~ eseription 


Parallel! Arithmetic with Store Instructions 


STF Absolute value of a floating-point number and store floating-point value 
fe Absolute value of an integer and store integer 

STE Add floating-point values and store floating-point value 

ADDIS Add integers and store integer 

|| STI 

Str Bitwise logical-AND and store integer 


Ist Arithmetic shift and store integer 
TI 


or Convert floating-point to integer and store integer 
| 
fe Convert integer to floating-point value and store floating-point value 
StF Load floating-point value and store floating-point value 
LDI Load integer and store integer 
|| STI 
LSH3 Logical shift and store integer 
|| STI . 
STE Multiply floating-point values and store floating-point value 
MPYI3 Multiply integer and store integer 
\| STI ; 
N Ste Negate floating-point value and store floating-point value 
NEGI Negate integer and store integer 
\| STI : 
ist Complement value and store integer 
ree Bitwise logical-OR value and store integer 
I 
STF Store floating-point values 
|| STF _ 
STI Store integers 
\| STI 
iste Subtract floating-point value and store floating-point value 
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Table 10-6. Parallel Instructions (Concluded) 


Parallel Arithmetic with Store Instructions (Concluded) 


rst Subtract integer and store integer 
Iotr Bitwise exclusive-OR values and store integer 


Parallel Load Instructions 
LDF ‘Load floating-point 
|| LDF 
LDI Load integer 
| LDI 


Parallel Multiply and Add/Subtract Instructions 


MPYF3 Multiply and add floating-point 

|| ADDF3 

MPYF3 Multiply and subtract floating-point 
|| SUBF3 : 
MPYI3 Multiply and add integer 

|| ADDI3 

MPYI3 Multiply and subtract integer 

|| SUBI3 
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10.2 Condition Codes and Flags 


The TMS320C3x provides 20 condition codes (00000 — 10100 excluding 01011) that can 
be used with any of the conditional instructions, such as RETScondor LDF cond. The con- 
ditions include signed and unsigned comparisons, comparisons to zero, and comparisons 
based on the status of individual condition flags. Note that all conditional instructions can 
accept the suffix U to indicate unconditional operation. 


Seven condition flags provide information about properties of the result of arithmetic and 
logical instructions. The condition flags are stored in the status register (ST) and are af- 
fected by an instruction only when either of the following two cases occurs: 


Ci The destination register is one of the extended-precision registers (R7 — RO). This 
allows for modification of the registers used for addressing but does not affect the con- 
dition flags during computation. 


C4 The instruction is one of the compare instructions (CMPF, CMPF3, CMPI, CMPI3, 
TSTB, or TSTB3). This makes it possible to set the condition flags according to the 
contents of any of the CPU registers. 


The condition flags may be modified by most instructions when either of the preceding 
conditions is established and either of the following two cases occurs: 


{4 A result is generated when the specified operation is performed to infinite orecision. 
This is appropriate for compare and testinstructions that do not store results in a regis- 
ter. Itis also appropriate for arithmetic instructions that produce underflow or overflow. 


La The output is written to the destination register as shown in Table 10-7. This is appro- 
priate for other instructions that modify the condition flags. 


Table 10-7. Output Value Formats 


Figure 10-1 shows the condition flags in the low-order bits of the status register. Following 
the figure is a list of status register condition flags and descriptions on how the flags are 
set by most instructions. For specific details of the effect of a particular instruction on the 
condition flags, see the description of that instruction in subsection 10.3.3. 
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RW RW RW RW RW RW RW RW RW RW RW RW ORI 
NOTE: xx = reserved bit. 

R = read, W = write. 


LUF Latched Underflow Condition Flag. LUF is.set whenever UF (floating-point un- 


LV 


UF 
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derflow flag) is set. LUF may be cleared only by a processor reset or by modifying it 
in the status register (ST). 


Latched Overflow Condition Flag. LV is set whenever V (overflow condition flag) 
is set. Otherwise, itis unchanged. LV may be cleared only by a processor reset or by 
modifying it in the status register (ST). 


Floating-Point Underflow Condition Flag. A floating-point underflow occurs 
whenever the exponent of the result is less than or equal to —128. Ifa floating-point 
underflow occurs, UF is set, and the output value is set to 0. UF is cleared if a floa- 
ting-point underflow does not occur. 


Negative Condition Flag. Logical operations assign N the state of the MSB of the 
output value. For integer and floating-point operations, N is set if the result is nega- 
tive, and cleared otherwise. Zero is positive. 


Zero Condition Flag. For logical, integer, and floating-point operations, Z is set if 
the output is 0, and cleared otherwise. 


Overflow Condition Flag. For integer operations, V is set if the result does not fit 


_ into the format specified for the destination (i.e.,- 2 32 < result < 2 32-1). Other- 


wise, V is cleared. For floating-point operations, V is set if the exponent of the result 
is greater than 127; otherwise,V is cleared. Logical operations always clear V. 


Carry Flag. When an integer addition is performed, C is set if a carry occurs out of 
the bit corresponding to the MSB of the output. When an integer subtraction is per- 
formed, C is set if a borrow occurs into the bit corresponding to the MSB of the out- 
put. Otherwise, for integer operations, C is cleared. The carry flag is unaffected by 
floating-point and logical operations. For shift instructions, this flag is set to the final 
value shifted out; for a zero shift count, this is set to zero. 
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Table 10-8 lists the condition mnemonic, code, description, and flag for each of the 19 


condition codes. 
Table 10-8. Condition Codes and Flags 


Unconditional Compares 


Unsigned Compares 


Lower than 

Lower than or same as 
Higher than 

Higher than or same as 
Equal to 

Not Equal to 


Signed Compares 


Less than 

Less than or equal to 
Greater than 

Greater than or equal to 
Equal to 

Not equal to 


Compare to Zero 


Zero 

Not zero 
Positive 
Negative 
Nonnegative 


Compare to Condition Flags 


Nonnegative 

Negative 

Nonzero 

Zero 

No overflow 

Overflow 

No underflow 

Underflow 

No carry 

Carry 

No latched overflow 

Latched overflow 

No latched floating-point underflow 
Latched floating-point underflow 
Zero or floating-point underflow 


t The ~ means logical complement (“not true” condition). 
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10.3 Individual Instructions 


This section contains the individual assembly language instructions for the TMS320C3x. 
The instructions are listed in alphabetical order. Information for each instruction includes 
assembler syntax, operation, operands, encoding, description, cycles, status bits, mode 
bit, and examples. 


Definitions of the symbols and abbreviations, as well as optional syntax forms allowed by 
the assembler, precede the individual instruction description section. Also, an example in- 
struction shows the special format used and explains its content. 


A functional grouping of the instructions as well as a complete instruction set summary 
can be found in Section 10.1. Appendix B lists the opcodes for all the instructions. Refer 
to Chapter 6 for information on memory addressing. Code examples using many of the 
instructions are given in Chapter 11, Software Applications. 


‘ 


10.3.1 Symbols and Abbreviations 


Table 10-9 lists the symbols and abbreviations used in the individual instruction descrip- 
tions. 


Table 10-9. Instruction Symbols 
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Source operand 

Source operand 1 
Source operand 2 
Source operand 3 
Source operand 4 


Destination operand 
Destination operand 1 
Destination operand 2 
Displacement 
Condition 

Shift count 


General addressing modes 
Three-operand addressing modes 
Parallel addressing modes 
Conditional-branch addressing modes 


Auxiliary register n 

Index register n 

Register address n 

Repeat count register 
Repeat end address register 
Repeat start address register 
Status register 
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Table 10-9. _ Instruction Symbols (Concluded) 


Carry bit 

Global interrupt enable bit 
Trap vector 

Program counter 

Repeat mode flag 

System stack pointer 


Absolute value of x 

Assign the value of x to destination y 
Mantissa field (sign + fraction) of x 
Exponent field of x 


Operation 1 performed in parallel with operation 2 — 


Bitwise logical-AND of x and y 
Bitwise logical-OR of x and y 
Bitwise logical-XOR of x and y 
Bitwise logical-complement of x 


Shift x to the left y bits 

Shift x to the right y bits 

Increment SP and use incremented SP as address 
Use SP as address and decrement SP 


10.3.2 Optional Assembler Syntaxes 


The assembler allows a relaxed syntax form for some instructions. These optional forms 
simplify the assembly language so that special-case syntax can be ignored. The following 
is a list of these optional syntax forms. 


Cd 


The destination register can be omitted on unary arithmetic and logical operations 
when the same register is used as a source. For example, 


ABSI  RO,RO can be written as ABSI RO 


Instructions affected: ABSI, ABSF, FIX, FLOAT, NEGB, NEGF, NEGI, NORM, NOT, 
RND. 


All 3-operand instructions can be written without the 3. For example, 
ADDI3 RO,R1,R2 can be written as ADDI RO,R1,R2 


Instructions affected: ADDC3, ADDF3, ADDIS, AND3, ANDN3, ASH3, LSHS, 
MPYF3, MPYI3, OR3, SUBB3, SUBF3, SUBI3, XOR3. 


This also applies to all the pertinent parallel instructions. 

All 3-operand comparison instructions can be written without the 3. For example, 
CMPI3 RO, *ARO can be written as CMPI RO, *ARO 
Instructions affected: CMPI3, CMPF3, TSTB3. 


Indirect operands with an explicit 0 displacement are allowed. In 3-operand or parallel 
instructions, operands with 0 displacement are automatically converted to no-dis- 
placement mode. For example: 
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LDI *+ARO(0),R1 is legal 
Also 
ADDI3 *+ARO(0),R1,R2 isequivalentto ADDI3 *ARO,R1,R2 


Indirect operands can be written with no displacement, in which case a displacement 
of one is assumed. For example, 


LDI *ARO++(1),RO can be written LDI *ARO++,RO 


All conditional instructions accept the suffix U to indicate unconditional operation. 
Also, the U can be omitted from unconditional short branch instructions. For example: 


BU label can be written B label 


Labels can be written with or without a trailing colon. For example: 


labelO: NOP 
labell NOP 
label2: (label assembles to next source line) 


Empty expressions are not allowed for the displacement in indirect mode: 
LDI *+AR0O(),RO is notlegal 


Long immediate mode operands.(destination of BR and CALL) can be written with an 
at sign: 


BR label can be written BR @label 


The LDP pseudo-op can be used to load a register (usually DP) with the 8 MSBs of 
a relocatable address as follows: 


LDP addr,REG or LDP @addr, REG 
The at sign is optional. 


Ifthe destination REG is the DP, the DP can be omitted in the operand. LDP generates 
an LDI instruction with an immediate operand, and a special relocation type. 


Parallel instructions can be written in either order. For example: 


ADDI can be written as STI 
|| STI || ADDI 


The parallel bars indicating part 2 of a parallel instruction can be written anywhere on 
the line from column 0 to the mnemonic. For example: 


ADDI can be written as ADDI 
|| STI [| STI 


Ifthe second operand of a parallel instruction is the same as the third (destination reg- 
ister) operand, the third operand can be omitted. This allows the writing of 3-operand 
parallel instructions that look like normal 2-operand instructions. For example, 


ADDI *ARO,R2,R2 canbe written as ADD *ARO,R2 
|| MPYI *AR1,RO,RO || MPYI *AR1,RO_ 
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Instructions (applies to all parallel instructions that have a register second operand) 
affected: ADD], ADDF, AND, MPYI, MPYF, OR, SUBI, SUBF, XOR. 


All commutative operations in parallel instructions can be written in either order. For 
example, the ADDI part of a parallel instruction can be written in either of two ways: 


ADDI. *ARO,R1,R2 or ADDI Rl, *ARO,R2 


The instructions affected are parallel instructions containing any of the following: 
ADDI, ADDF, MPYI, MPYF, AND, OR, XOR. 


Use the syntax in Table 10—10 to designate CPU registers in operands. Note the alter- 
nate form using designators RO — R27. 


10.3.3 Individual Instruction Descriptions 


Each assembly language instruction for the TMS320C3x is described in this section in al- 
phabetical order. The description includes the assembler syntax, operation, operands, en- 
coding, description, cycles, status bits, mode bit, and examples. 


Table 10-10. CPU Register Syntax 


Assemblers Alternate Register Assigned 
Syntax Syntax Function 


Extended-precision register 
Extended-precision register 
Extended-precision register 
Extended-precision register 
Extended-precision register 
Extended-precision register 
Extended-precision register 
Extended-precision register 


Auxiliary register 
Auxiliary register 
Auxiliary register 
Auxiliary register 
Auxiliary register 
auxiliary register 
Auxiliary register 
Auxiliary register 


Data-page pointer 
Index register 0 
Index register 1 
Block-size register 
Active stack pointer 


Status register 

CPU/DMA interrupt enable 
CPU interrupt flags 

/O flags 


Repeat start address 
Repeat end address 
Repeat counter 
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EXAMPLE Example Instruction 


SSR SSS SS 


Syntax 


Operation 


Operands 
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INST src, dst 
or 


INST1 src2, dst 
|| INST2 src3, dst2 


Each instruction begins with an assembler syntax expression. Labels may be 
placed either before the command (instruction mnemonic) on the same line or 
on the preceding line in the first column. The optional comment field that con- 
cludes the syntax is not included in the syntax expression. Space(s) are re- 
quired between each field (label, command, operand, and comment fields). 


The syntax examples illustrate the common one-line syntax and the two-line 
syntax used in parallel addressing. Note that the two vertical bars || that indi- 
cate a parallel addressing pair can be placed anywhere before the mnemonic 
on the second line. The first instruction in the pair can have a label, but the sec- 
ond instruction cannot have a label. 


|src| > dst 
or 


|src2 | > dst 
|| src3 — dst2 


The instruction operation sequence describes the processing that takes place 
when the instruction is executed. For parallel instructions, the operation se- 
quence Is performed in parallel. Conditional effects of status register specified 
modes are listed for conditional instructions such as Bcond. 


sre general addressing modes (G): 
00 register (Rn, 0 <n< 27) 
01 direct 
10 indirect 
11 immediate 


dst register (Rn, 0 <n < 27) 
or 


src2 _ indirect (disp = 0, 1, IRO, IR1) 
dst? _— register (Rn1, O<n1 <7) 
src3___ register (Rn2, 0 <n2<7) 
dst2 indirect (disp = 0, 1, IRO, IR1) 


Operands are defined according to the addressing mode and/or the type of ad- 


dressing used. Note that indirect addressing uses displacements and the index 
registers. Refer to Chapter 5 for detailed information on addressing. 
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Encoding 


Description 


Cycles 


Status Bits 


__Example Instruction EXAMPLE 


ae NEA AENEAN LEONE OLEATE EEE ANNE ESEE SEES SESS SESS SSSA 


16 15 87 0 


Encoding examples are shown using general addressing and parallel addres- 
sing. The instruction pair for the parallel addressing example consists of INST 1 
and INST2. 


Instruction execution and its effect on the rest of the processor or memory con- 
tents are described. Any constraints on the operands imposed by the proces- 
sororthe assembler are discussed. The description parallels and supplements 
the information given by the operation block. 


1 
The digit specifies the number of cycles required to execute the instruction. 


LUF _Latched Floating-Point Underflow Condition Flag. 1 if a floating- 
point underflow occurs, unchanged otherwise. 


LV Latched Overflow Condition Flag. 1 if an integer or floating- point 
overflow occurs, unchanged otherwise. 


UF Floating-Point Underflow Condition Flag. 1 if a floating-point un- 
derflow occurs, 0 otherwise. 


N Negative Condition Flag. 1 if a negative result is generated, 0 other- 
wise. In some instructions, this flag is the MSB of the output. 


Z Zero Condition Flag. 1 if a zero result is generated, 0 otherwise. For 
logical and shift instructions, 1 if a zero output is generated, 0 other- 
wise. 


V Overflow Condition Flag. 1 if an integer or floating-point overflow oc- 
curs, 0 otherwise. 


Cc Carry Flag. 1 ifacarry or borrow occurs, 0 otherwise. For shift instruc- | 
tions, this flag is set to the value of the last bit shifted out; 0 for a shift 
count of 0. 


The seven condition flags stored in the status register (ST) are modified by the 
majority of instructions only if the destination register isR7 — RO. Theyprovide 
information about the properties of the result or output of arithmetic or logical 
operations. 
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OVM Overflow Mode Flag. In general, integer operations are affected by the 
OVM bit value (described in Table 3-2 on page 3-7). 


INST @98AEh,R5 
Before Instruction: 


DP = 80h 

R5 = 0766900000h = 2.30562500e+02 

Memory at 8098AEh = 5CDFh = 1.00001107e + 00 
LUF LV UF NZVC2#+O00 00000 


After Instruction: 


DP = 80h 

R5 = 0066900000h = 1.80126953e + 00 

Memory at 8098AEh = 5CDFh = 1.00001107e + 00 
LUF LV UF NZVC#=00 00000 


The sample code presented in the above format shows the effect of the code 
on system pointers (e.g., DP or SP), registers (e.g., R1 or R5), memory at spe- 
cific locations, and the seven status bits. The values given for the registers in- 
clude the leading zeros to show the exponentin floating-point operations. Deci- 
mal conversions are provided for all register and memory locations. The seven 
status bits are listed in the order in which they appear in the assembler and sim- 
ulator (see Table 10-8 and Section 10.2 on page10-9 for Ture! information 
on these seven status bits). 


Assembly Language Instructions 


Syntax | ABSF src, dst 


Operation |src| — dst 

Operands src general addressing modes (G): 
00 register (Rn, 0 <n<7) 
01 ~ direct 
10 — indirect 


11 immediate 


dst register (Rn, <0 n</7) 


Encoding 
31 24 23 16 15 87 0 
Description The absolute value of the src operand is loaded into the dst register. The src © 
and dst operands are assumed to be floating-point numbers. 
An overflow occurs if src (man) = 80000000h and src (exp) = 7Fh. The result 
is dst (man) = 7FFFFFFFh and dst (exp) = 7Fh. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV 1 if a floating-point overflow occurs, unchanged otherwise. 
UF 0. 
N 0. 
Z 1 if a zero result is generated, 0 otherwise. 
V _ 1 if a floating-point overflow occurs, 0 otherwise. 
C Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example ABSF R4,R7 


Before Instruction: 


R4 = 05C8000F971h = —9.90337307e + 27 
R7 = 07D251100AEh = 5.48527255e + 37 
LUF LV UF NZV C=00 00 0 0 0 


After Instruction: 


R4 = 05C8000F97 1h = -9.90337307e + 27 
R7 = 05C7FFFO68Fh = 9.90337307e + 27 
LUF LV UF NZV C=00 000 0 0 
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Syntax ABSF src2, dst1 
|| STF — src3, dst2 


Operation |src2 | — dst7 
| src3— dst2 
Operands src2 __ indirect (disp = 0, 1, IRO, IR1) 


dst? _— register (Rn1,0 <n1 <7) 
src3___— register (Rn2, 0 <n2 <7) 
dst2 indirect (disp = 0, 1, IRO,.IR1) 


Encoding 


31 24 23 1615 87 0 


Description A floating-point absolute value and a floating-point store are performed in par- 
allel. All registers are read at the beginning and loaded at the end of the execute 
cycle. This means that if one of the parallel operations (STF) reads from a reg- 
ister and the operation being performed in parallel (ABSF) writes to the same 
register, then STF accepts as input the contents of the register before itis modi- 
fied by the ABSF. | 


If src2 and dst2 point to the same location, src2is read before the write to dst2. 
If src3 and dst7 point to the same register, src3 is read before the write to dst7. 


An overflow occurs if src (man) = 80000000h and src (exp) = 7Fh. The result 
is dst (man) = 7FFFFFFFh and dst (exp) = 7Fh. 


Cycles | 


Status Bits LUF Unaffected. 
LV 1 if a floating-point overflow occurs, unchanged otherwise. 


Z 1 if a zero result is generated, 0 otherwise. 
V 1 if a floating-point overflow occurs, 0 otherwise. 
Cc Unaffected. 


Mode Bit OVM Operation is not affected by OVM bit value. 


Example ABSF *++AR3(IR1) ,R4 
[| STF R4,*- ART7(1) 
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SSS SSSR SE RS 


Before Instruction: 


ARS = 809800h 

IR1 = OAFh : 

R4 = 7338C00000h = 1.79750e + 02 

AR7 = 8098C5h 

Data at 8098AFh = 58B4000h = — 6.118750e + 01 
Data at 8098C4h = Oh 

LUF LV UF N ZV Cz=0 0 00 0 0 0 


After Instruction: 


AR3 = 8098AFh 

IR1 = OAFh 

R4 = 574C00000h = 6.118750e + 01 

AR7 = 8098C5h 

Data at 8098AFh = 58B4000h = —6.118750e + 01 
Data at 8098C4h = 733C000h = 1.79750e + 02 
LUF LV UF NZV C=0 000 0 0 0 
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Syntax ABSI src, dst 


Operation |src] — dst 

Operands sre general addressing modes (G): 
00 register (Rn, 0 <n< 27) 
01 direct 
10 — indirect 


11 immediate 


dst register (Rn, 0 <n < 27) 


Encoding 
31 24 23 16 15 87 0 
eee fo] a | aa 
Description The absolute value of the src operand is loaded into the dst register. The src 
and dst operands are assumed to be signed integers. 
An overflow occurs if src = 80000000h. If ST(OVM) = 1, the result is 
dst = 7FFFFFFFh. lf ST(OVM) = 0, the result is dst = 80000000h. 
Cycles . 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. | 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. | 
N 0. 
Z 1 if a Zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc Unaffected. 
Mode Bit OVM Operation is affected by OVM bit value. 
Example 1 ABSI RO,RO 
or 


ABSI RO 

Beidie Instruction: 

RO = OFFFFFFCBh = — 53 
After Instruction: 


RO = 035h = 53 
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Example 2 


ABSI *AR1,R3 
Before Instruction: 


AR1 = 20h 
R3 = 0h 
Data at 20h = OFFFFFFCBh =— 53 


After Instruction: 


AR1 = 20h 
R3 = 35h = 53 
Data at 20h = OFFFFFFCBh = — 53 


SO RS ae SSL a aS 


tie 
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Operation 


ABSI _ src2, dst? 
|| STI src3, dst2 


|src2 | — dst1 


SoS SE ae SS a Sa aad 


eterasbeaaneshcema rs 


| src3— dst2 


Operands src2 _ indirect 
dst? register 
src3 register 
dst2 __ indirect 


_~ 


disp = 0, 1, IRO, IR1) 
Rni,O<1<7) 

Rn2, 0<n2<7) 
disp = 0, 1, IRO, IR1) 


Ne 


Encoding 


31 24 23 1615 87 0 


Description An integer absolute value and an integer store are performed in parallel. All 
registers are read at the beginning and loaded at the end of the execute cycle. 
This means that if one of the parallel operations (ST!) reads from a register and 
the operation being performed in parallel (ABSI) writes to the same register, 
then STI accepts as input the contents of the register before it is modified by 
the ABSI. 


If src2 and dst2 point to the same location, src2is read before the write to dsi2. 


An overflow occurs if src = 80000000h. If ST(OVM) = 1, the result is dst = 
7FFFFFFFh. lf ST(OVM) = 0, the result is dst = 80000000h. 


Cycles 1 


Status Bits These condition flags are modified only if the destination register is R7 — RO. 
. LUF Unaffected. | | 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N 0. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc Unaffected. 


Mode Bit OVM Operation is affected by OVM bit value. 
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Example 


ABSI *-AR5(1),R5 
|| STI  R1,*AR2--(IR1) 


Before Instruction: 


AR5 = 8099E2h 

R5 = 0h 

R1 = 42h = 66 

AR2 = 8098FFh 

IR1 =OFh 

Data at 8099E1h = OFFFFFFCBh = — 53 

Data at 8098FFh = 2h =2 

LUF LV UF N ZV C=0 0 00 00 0 


After Instruction: 


AR5 = 8099E2h 

R5 = 35h = 53 

R1 = 42h = 66 

AR2 = 8098F0h 

IRi = OFh . 

Data at 8099E1h = OFFFFFFCBh =— 53 

Data at 8098FFh = 42h = 66 

LUF LV UF NZV C=0 0 0000 0 


Parallel ABS! and ‘STI 


Maes 
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Syntax 
Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 
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24 23 16 


ADDC - sre, dst 
dst+ src+C-— dst 
src general addressing modes (G): 


00 register (Rn, O<n< 27) 


01. direct 
10 indirect 
immediate 


dst register (Rn, O<n< 27) 


15 87 0 


The sum of the dst and src operands and the C (carry) flag is loaded into the 
dst register. The dst and src operands are assumed to be signed integers. 


1 


These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 


LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 

N 1 if a negative result is generated, 0 otherwise. 

Z 1 if a zero result is generated, 0 otherwise. 

V 1 if an integer overflow occurs, 0 otherwise. 

Cc 1 if a carry occurs, 0 otherwise. 


OVM Operation is affected by OVM bit value. 
ADDC R1,R5 
Before Instruction: 


R1 = O0FFFFSC25h = ~ 41,947 
R5 = OOFFFFO19Eh = — 65,122 
LUF LV UF NZV C=0 0 00 0 0 0 


After Instruction: 


R1 = OOFFFF5C25h = — 41,947 
RS = OOFFFE5DC4h = — 107,068 
LUFSLV ‘UF CN 2 VC 20-00 0:0 0.0 


Assembly Language Instructions 


Add Integer With Carry, 3-Operand — ADDC3 
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Syntax ADDC3 © src2, src1, dst 
Operation | src1 + src2+C— dst 
Operands src? three-operand addressing modes (T): 


00 register (Rn1, O<n1 <27) 
01 indirect (disp = 0, 1, IRO, IR1) 
10 register (Rn1, O<n1 <27) 
11. indirect (disp = 0, 1, IRO, IR1) 


src2 three-operand addressing modes (T): 
00 register (Rn2, 0 < n2 < 27) 
01 register (Rn2, 0 < n2 < 27) 
10 indirect (disp = 0, 1, IRO, IR1) 
11 indirect (disp = 0, 1, IRO, IR1) 


dst register (Rn, O<n< 27) 
Encoding 


31 24 23 16 15 87 0 


Description The sum of the src? and src2 operands and the C (carry) flag is loaded into the 
dst register. The src7, stc2, and dst operands are assumed to be signed inte- 
gers. 


Cvcles 1 


Status Bits These condition gees are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV 1 if an integer overflow occurs, dadhanged otherwise. 
U 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc 1 if a carry occurs, 0 otherwise. 


Mode Bit OVM Operation is affected by OVM bit value. 
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Example 1 


Example 2 
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ADDCS. *ARS++ (TRO) 7 RS, RZ 
or 
ADDC3 R5, *AR5S++ (IRQ) ,R2 


Before Instruction: 


AR5 = 809908h 

IRO = 10h 

R5 = 066h = 102 

R2 = Oh 

Data at 809908h = OFFFFFFCBh = — 53 

LUF LV UF NZVC=0 0 00 0 0 1 


After Instruction: 


ARS = 809918h 

IRO = 10h 

R5 = 066h = 102 

R2 = 032h = 50 

Data at 809908h = OFFFFFFCBh = — 53 

LUF LV UF NZVC=#0 00000 1 


ADDC3 R2, R7, RO 
Before Instruction: 


R2 = 02BCh = 700 

R7 = OF82h = 3970 

RO = Oh 

LUF LV UF N ZV C=0 0000 0 1 


After Instruction: 


R2 = 02BCh = 700 


R7 = OF 82h = 3970 


RO = 0123Fh = 4671 
LUF LV UF NZV C=0 0 00 0 0 0 


Assembly Language Instructions 
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Syntax ADDF src, dst 

Operation dst+ src > dst 

Operands src general addressing modes (G): 
00 _ register (Rn, O <n</7) 
01 direct 
10 — indirect 


11 immediate 
dst register (Rn, O<n<7) 


Encoding 
31 15 _ 87 0 


24 23 16 


Description The sum of the dstand srcoperands is loaded into the dstregister. The dstand 
src operands are assumed to be floating-point numbers. 


Cycles 1 


Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF (1 if a floating-point underflow occurs, unchanged otherwise. 
LV 1 if a floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an floating-point overflow occurs, 0 otherwise. 
Cc Unaffected. 


Mode Bit OVM Operation is not affected by OVM bit value. 
Example ADDF *AR4++(IR1),R5 


Before Instruction: 


AR4 = 809800h 

IRi = 12Bh 

R5 = 0579800000h = 6.23750e+01 

Data at 809800h = 86B2800h = 4.7031250e + 02 
LUF LV UF N ZV C=#0 0000 0 0 


After Instruction: 


AR4 = 80992Bh 

IR1 = 12Bh 

R5 = 09052C0000h = 5.3268750e+02 

Data at 809800h = 86B2800h = 4.7031250e + 02 
LUF LV UF NZV C=#0 0 00 0 0 0 
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Syntax ADDF3 src2, src, dst 
Operation src1 + src2 — dst 
Operands _. $re7 three-operand addressing modes (T): 


00 register (Rni,O<n1 <7) 
01 indirect (disp = 0, 1, IRO, IR1) 
10. register (Rn1,O0<ni <7) 
11 indirect (disp = 0, 1, IRO, IR1) 


src2 three-operand addressing modes (T): 
00 register (Rn2, 0 <n2 <7) 
01 register (Rn2, 0 <n2 <7) 
10 indirect (disp = 0, 1, IRO, IR1) 
11 indirect (disp = 0, 1, IRO, IR1) 


dst register (Rn, O<n</7) 


Encoding 
31 24 23 16 15 87 0 
Description The sum of the src? and src2 operands is loaded into the dstregister. The src7, 
£3 src2, and dst operands are assumed to be floating-point numbers. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF $1 if a floating-point underflow occurs, unchanged otherwise. 
LV 1 if a floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a Zero result is generated, 0 otherwise. 
V 1 if an floating-point overflow occurs, 0 otherwise. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example 1 ADDF3 R6,R5,R1 
or 


ADDF3 R5,R6,R1 
Before Instruction: 


R6 = 086B280000h = 4.7031250e + 02 

R5 = 0579800000h = 6.23750e+01 

Ri =0Oh - : 

LUF LV UF NZVC+0 000000 
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Example 2 
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After Instruction: 


R6 = 086B280000h = 4.7031250e + 02 

R5 = 0579800000h = 6.23750e + 01 

R1 = 09052C0000h = 5.3268750e + 02 

LUF LV UF NZV C=0 0 00000 


ADDF3 *+AR1(1),*AR7++(IRO),R4 
Before Instruction: 


AR1 = 809820h 

AR7 = 8099F0h 

IRO = 8h 

R4 = 0h 

Data at 809821h = 700FO000h = 1.28940e + 02 
Data at 8099F0h = 34C2000h = 1.27590e + 01 
LUF LV UF N ZV C=0 0 00 0 0 0 


After Instruction: 


AR1 = 809820h 

AR7 = 8099F8h 

IRO = 8h 

R4 = 070DB20000h = 1.41695313e + 02 


_ Data at 809821h = 700F000h = 1.28940e + 02 


Data at 8099F0h = 34C2000h = 1.27590e + 01 
LUF LV UF NZV C=0 0000 0 0. 
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Syntax ADDFS ~ src2, srci, dsti 


|| STF src3, dst2 
Operation srci + src2 —> dst? © 

|| src3— dst2 
Operands src? ___ register (Rn1, 0 <ni <7) 


src2 ___ indirect (disp = 0, 1, IRO, IR1) 
dst? register (Rn2, 0 <n2<7) 
src3__ register (Rn3, 0 < n3 <7) 
dst2 indirect (disp = 0, 1, IRO, IR1) 


Encoding 
31 24 23 1615 87 0 
rsfoor sof en | ot] vo} we | oe 
Description A floating-point addition and a floating-point store are performed in parallel. All 
registers are read at the beginning and loaded at the end of the execute cycle. 
This means that if one of the parallel operations (STF) reads from a register 
and the operation being performed in parallel (ADDF3) writes to the same reg- 
ister, then STF accepts as input the contents of the register before itis modified 
by the ADDF3. 
If src2 and dst2 point to the same location, src2is read before the write to dst2. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF 1 if a floating-point underflow occurs, unchanged otherwise. | 
LV 1 if a floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. — 
N 1 if a negative result is generated, 0 otherwise. 
Zz 1 if a zero result is generated, 0 otherwise. 
V 1 if an floating-point overflow occurs, 0 otherwise. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example ADDF3 *+AR3(IR1),R2,R5 


be OF R4, *AR2 
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Before Instruction: 


AR3 = 809800h 

IR1 = O0A5h 

R2 = 070C800000h = 1.4050e + 02 

R5 = 0h 

R4 = 057B400000h = 6.281250e + 01 

AR2 = 8098F3h 

Data at 8098A5h = 733C000h = 1.79750e + 02 
Data at 8098F3h = Oh 

LUF LV UF N ZV C=0 000 00 0 


After Instruction: 


AR3 = 809800h 

IR1 = 0A5h 

R2 = 070C800000h = 1.40506+02 

R5 = 0820200000h = 3.20250e + 02 

R4 = 057B400000h = 6.281250e + 01 

AR2 = 8098F3h 

Data at 8098A5h = 733C000h = 1.79750e + 02 
Data at 8098F3h = 57B4000h = 6.28125e + 01 
LUF LV UF NZV.C=0 0 00 0 0 0 


nese 
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Syntax ADDI src, dst 


Operation dst + src > dst 

Operands src general addressing modes (G): 
00 register (Rn, O<n< 27) 
01 direct 
10 indirect 


11 immediate 


dst register (Rn, 0 <n < 27) 


Encoding 
31 24 23 1615 87 0 
ee feoerefe] = fe 
Description The sum of the dstand src operands is loaded into the the dstregister. The dst 
and src operands are assumed to be signed integers. 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. . 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc 1 if a carry occurs, 0 otherwise. 
Mode Bit — OVM Operation is affected by OVM bit value. 
Example ADDI R3;Ri 


Before Instruction: 


R3 = OFFFFFFCBh = — 53 
R7 = 35h = 53 
LUF LV UF NZV Ce#0 000000 


After Instruction: 


R3 = OFFFFFFCBh = — 53 
R7 = 0h 
LUF LV UF NZV C=0 0000 0 0 
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Syntax ADDI3 <sIc2 >,<srcl >,<dst > 
Operation src? + src2 > dst 
Operands src7 three-operand addressing modes (T): 


00 register (Rn1, 0< ni <27) 
01 indirect (disp = 0, 1, IRO, IR1) 
10 ~~ register (Rni, O< ni <27) 
11. indirect (disp = 0, 1, IRO, IR1) 


src2 three-operand addressing modes (T): 
00 register (Rn2, 0 <n2< 27) 
01 ~~ register (Rn2, 0 < n2 < 27) 
10 indirect (disp = 0, 1, IRO, IR1) 
11 indirect (disp = 0, 1, IRO, IR1) 


dst register (Rn, 0 <n < 27) 


Encoding 


31 24 23 16.15 87 | 0 
epee = | oe | 
Description The sum of the src7 and src2 operands is loaded into the dstregister.The src7, 
src2, and dst operands are assumed to be signed integers. 
Cycles 1 | 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N 1 if anegative result is generated, 0 otherwise. 
Z 1 if a Zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc 1 if a carry occurs, 0 otherwise. 
Mode Bit OVM Operation is affected by OVM bit value. 
Example 1 ADDI3 R4,R7,R5 


Before Instruction: 


R4 = ODCh = 220 

R7 = OAOh = 160 

R5 = 10h = 16 

LUF LV UF NZVC=#=0 0000 00 
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After Instruction: 


_R4=0DCh = 220 
R7 = OAOh = 160 
R5 = 017Ch = 380 
LUF LV UF NZV C=0 0000 00 


Example 2 ADDI3 *-AR3(1),*AR6—--(IRO) ,R2 
Before Instruction: 


AR3 = 809802h 

AR6 = 809930h 

IRO = 18h 

R2=10h=16 

Data at 8098071h = 2AF8h = 11,000 

Data at 809930h = 3A98h = 15,000 

LUF LV UF N ZV C=0 0000 0 0 


_ After Instruction: 


AR3 = 809802h 

AR6 = 809918h 

IRO = 18h 

R2 = 06598h = 26,000 

Data at 809801h = 2AF8h = 11,000 

Data at 809930h = 3A98h = 15,000 . 

LUF LV UF NZV C=0 0000 00 
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Syntax ADDI3 — src2, src1, dst? 
|| STI src3, dst2 


Operation src1 + src2 > dst1 
|| src3 > dst2 
Operands src? ___ register (Rn1, O<n1 <7) 


src2__ indirect (disp = 0, 1, IRO, IR1) 
dst? register (Rn2, 0 <n2 <7) 
src3__ register (Rn3, 0 < n3 < 7) 
dst2 indirect (disp = 0, 1, IRO, IR1) 


Encoding 
31 24 23 1615 87 0 
Description An integer addition and an integer store are performed in parallel. All registers 
are read at the beginning and loaded at the end of the execute cycle. This 
means that if one of the parallel operations (STI) reads from a register.and the 
operation being performed in parallel (ADDI3) writes to the same register, then 
STI accepts as input the contents of the register before it is modified by the 
ADDIS. 
If src2and dst2 point to the same location, src2is read before the write to dsi2. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. . 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc 1 if a carry occurs, 0 otherwise. 
Mode Bit OVM Operation is affected by OVM bit value. 
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Example ADDI3 *ARO-—-(IRO),R5,RO0 
Il. svz R3, *AR7 


Before Instruction: 


ARO = 80992Ch 

IRO =0Ch 

R5 = ODCh = 220 

RO = 0h 

R3 = 35h = 53 

AR7 = 80983Bh 

Data at 80992Ch = 12Ch = 300 

Data at 80983Bh = Oh 

LUF LV UF N ZV C=0 0 00 0.0 0 


After Instruction: 


ARO = 809920h 
IRO =0Ch 
R5 = ODCh = 220 
RO = 208h = 520 
R3 = 35h = 53 
_ AR7 = 80983Bh 
Data at 80992Ch = 12Ch = 300 
Data at 80983Bh = 35h = 53 
LUF LV UF NZV C=0 0000 00 
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Syntax AND src, dst 
Operands dst AND src > dst 
Operands '  sr¢egeneral addressing modes (G): 
00 register (Rn, 0 <n<27) 
01 direct 


10 — indirect 
1 1 immediate (not sign-extended) 


dst register (Rn, 0 <n < 27) 


Encoding 
31 24 23 1615 87 . 0 
eee re fe] = [ee 
Description The bitwise logical-AND between the dst and src operands is loaded into the 
dst register. The dst and src operands are assumed to be unsigned integers. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
; LUF Unaffected. 
LV Unaffected. 
UF 0. 
N MSB of the output. 
Z 1 if a zero result is generated, 0 otherwise. 
V 0. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example AND R1,R2 


Before Instruction: 


R1 = 80h 
R2 = OAFFh 
LUF LV UF NZV C=+=0 0 000 0 1 


After Instruction: 


R1 = 80h 
“R2 = 80h 
LUF LV UF NZV C=0 00000 1 
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Syntax AND src2, src1, dst 


Operation src? AND src2 > dst 


Operands src? three-operand addressing modes (T): 
00 register (Rn1, 0<ni < 27) 
01 indirect (disp = 0, 1, IRO, IR1) 
10 register (Rni, O<ni <27) 
11 indirect (disp = 0, 1, IRO, IR1) 


src2 three-operand addressing modes (T): 
00 register (Rn2, 0 <n2 < 27) 
01 register (Rn2, 0 <n2<27) 
10 __ indirect (disp = 0, 1, IRO, IR1) 
11. indirect (disp = 0, 1, IRO, IR1) 


dst register (Rn, 0 <n < 27) 


Encoding 
31 24 23 1615 87 0 
epee t] = pe Le 
Description _ The bitwise logical-AND between the src7 and src2 operands is loaded into the 
dstregister. The src7, src2, and dstoperands are assumed to be unsigned inte- 
gers. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N MSB of the output. 
Z _—_1ifazero result is generated, 0 otherwise. 
V 0. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
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Example 1 


Example 2 


AND3 *ARO--(IRO),*+AR1,R4 


Before Instruction: 


ARO = 8098F4h 

IRO = 50h 

AR1 = 80995th 

R4=0h 

Data at 8098F4h = 30h 

Data at 809952h = 123h 

LUF LV UF NZV C=0 0 00 0 0 0 


After Instruction: 


ARO = 8098A4h 

IRO = 50h 

AR1 = 809951h 

R4 = 020h 

Data at 8098F4h = 30h 

Data at 809952h = 123h 

LUF LV UF N ZV C=0 0 000 0 0 


, 


AND3 *-AR5,R7,R4 
Before Instruction: 


AR5 = 80985Ch 

R7 =2h 

R4 = 0h 

Data at 80985Bh = OAFFh 

LUF LV UF N ZV C=0 0 000 0 0 


After Instruction: 


AR5 = 80985Ch 

R7 = 2h 

R4 = 2h 

Data at 80985Bh = OAFFh 

LUF LV UF NZV C=0 0 00 00 0 
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Parallel AND3 and STI 


se 


Syntax AND _ src2, src1, dst1 
I| STI src3, dst2 
Operation src? AND src2 > dst1 
|| src3 — dst2 
Operands src1___ register (Rni,O0<n1 <7) 
src2 indirect (disp = 0, 1, IRO, IR1) 
dst? _— register (Rn2,0 <n2 <7) 
src3___— register (Rn3,0 <n3 <7) 
dst2 _ indirect (disp = 0, 1, IRO, IR1) 
Encoding 
31 24 23 1615 87 0 
Description A bitwise logical-AND and an integer store are performed in parallel. All regis- 
ters are read at the beginning and loaded at the end of the execute cycle. This 
means that if one of the parallel operations (STI) reads from a register and the 
operation being performed in parallel (AND3) writes to the same register, then 
STI accepts as input the contents of the register before it is modified by the 
ANDS3. 
If src2 and dst2 point to the same location, src2is read before the write to dsi2. 
Cycles | 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N MSB of the output. 
Z 1 if a zero result is generated, 0 otherwise. 
V 0. | 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
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Example AND3 *+AR1(IRO),R4,R7 
Li “SET R3, *AR2 


Before Instruction: 


AR1 = 8099F 1h 

IRO = 8h 

R4 = 0A323h 

R7 =0h 

R3 = 35h = 53 

AR2 = 80983Fh 

Data at 8099F9h = 5C53h 

Data at 80983Fh = Oh 

LUF LV UF N ZV C=0 000000 


After Instruction: 


_AR1 = 8099F 1h 
RO = 8h 
R4 = 0A323h 
R7 = 03h 
R3 = 35h = 53 
AR2 = 80983Fh 
Data at 8099F9h = 5C53h 
Data at 80983Fh = 35h = 53 | 
LUF LV UF NZ VC=#=0 000000 
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Syntax ANDN src, dst 

Operation dst AND ~src > dst 

Operands src general addressing modes (G): 
00 register (Rn, O<n< 27) 
01 direct 


10 — indirect 
11 immediate (not sign-extended) 


dst register (Rn, 0 <n < 27) 


Encoding 
31 24 23 16 15 87 0 
Description The bitwise logical-AND between the dst operand and the bitwise logical com- 
plement (~) of the src operand is loaded into the dst register. The dst and src 
operands are assumed to be unsigned integers. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N MSB of the output. 
Z 1 if a zero result is generated, 0 otherwise. 
V 0, 
Cc Unaffected. 
Mode Bit | OVM Operation is not affected by OVM bit value. 
Example ANDN @980Ch, R2 


Before Instruction: 


DP = 80h 

R2 = 0C2Fh 

Data at 80980Ch = 0A02h 

LUF LV UF NZVC=0 000000 


After Instruction: 


DP = 80h 

R2 = 042Dh 

Data at 80980Ch = 0A02h 

EUR LV UP NZ Vo Se) O° 630". 10 0) 0 
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Syntax ANDN3 src2, src1, dst 
Operation src? AND ~src2 > dst 


Operands src three-operand addressing modes (T): 
0 O register (Rn1, 0 < ni < 27) 
0 1 indirect (disp = 0, 1, IRO, IR1) 
1 O register (Rn1, 0 < ni < 27) 
11 indirect (disp = 0, 1, IRO, IR7) 


src2 three-operand addressing modes (T): 
0 0 register (Rn2, 0 < n2 < 27) 
0 1 register (Rn2, 0 <n2 < 27) 
1 0 indirect (disp = 0, 1, IRO, IR1) 
1 1 indirect (disp = 0, 1, 100, IR1) 


dst register (Rn, O< n< 27) 


Encoding 
31 24.23 1615 87 0 
Description The bitwise logical-AND between the src? operand and the bitwise logical 
complement (~) of the src2 operand is loaded into the dst register. The src, 
_ src2, and dst operands are assumed to be unsigned integers. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N MSB of the output. 
Z 1 if a zero result is generated, 0 otherwise. 
Vv. OO. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example 1 ANDN3 R5,R3,R7 


Before Instruction: 


R5 = OA02h 
R3 = OC2Fh 
R7 =0h 


LUF LV UF N ZV C=0 -0 00 00 0 
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After Instruction: 


R5 = OA02h 
R3 = 0C2Fh 
R7 = 042Dh 
LUF LV UF N ZV C=0 0000 0 0 


Example 2 ANDN3 R1, *AR5++(IRO),RO 
Before Instruction: 


Ri =OCFh 

AR5 = 809825h 

IRO =5h 

RO =0Oh 

Data at 809825h = OFFFh 

LUF LV UF NZVC=0 000000 


After Instruction: 


Ri =OCFh 

AR5 = 80982Ah 

IRO = 5h 

RO = OF30h 

Data at 809825h = OFFFh 

LUF LV UF N ZV C=0 000 0 0 0 
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Syntax ASH count, dst 


Operation If (count 2 0): 
dst << count > dst 


Else: 
dst >> |count | — dst 


Operands count general addressing modes (G): 
0 0 register (Rn, 0 <n < 27) 
0 1 direct 
1 0 indirect 
1 1 immediate 


dst register (Rn, <0 n< 27) 


Encoding 


31 15 87 


24 23 16 


as 


0 


Description The seven least significant bits of the count operand are used to generate the 


twos-complement shift count of up to 32 bits. 


If the count operand is greater than zero, the dst operand is left-shifted by 
the value of the count operand. Low-order bits shifted in are zero-filled, and 


high-order bits are shifted out through the C (carry) bit. 


Arithmetic left-shift: 
Cedst<+0 


If the count operand is less than zero, the dst operand is right-shifted by the 
absolute value of the count operand. The high-order bits of the dst operand 
are sign-extended as it is right-shifted. Low-order bits are shifted out through 


the C (carry) bit. 
Arithmetic right-shift: 


sign of dst dstC > 


lf the count operand is zero, no shift is performed, and the C (carry) bit is set 


to 0. The count and dst operands are assumed to be signed integers. 


Cycles 1 
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Status Bits 


Mode Bit 


Example 1 


Example 2 
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These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 


LV 1 if an integer overflow occurs, unchanged otherwise. 

UF 0. 

N MSB of the output. 

Z 1 if a zero result is generated, 0 otherwise. 

V 1 if an integer overflow occurs, 0 otherwise. 

Cc Set to the value of the last bit shifted out. 0 for a shift count of 0. 


OVM Operation is not affected by OVM bit value. 
ASH R1,R3 
Before Instruction: 


Ri=10h=16 
R3 = OAEO00h 
LUF LV UF N ZV C=0 000000 


After Instruction: 


R1=10h 
R3 = 0E0000000h 
LUF LV UF NZV C=0 1 010-1 0 


ASH @98C3h,R5 
Before Instruction: 


DP = 80h 

R5 = OAECO00001h 

Data at 8098C3h = OFFE8 = — 24 

LUF LV UF N ZV C=#0 0000 0 0 


After Instruction: 


DP = 80h 

R5 = OFFFFFFAEh 

Data at 8098C3h = OFFE8 = — 24 

LUF LV UF NZV C=0 001001 


Assembly Language Instructions 


_Arithmetic Shift, 3-Operand | ASH3 
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Syntax ASH3 count, src, dst 


Operation If (count = 0): 
src << count — dst 


Else: 
src >> |count | > dst 


Operands count three-operand addressing modes (T): 
00 register (Rn2, 0 < n2 < 27) 
01 register (Rn2, 0 < n2 < 27) 
10 indirect (disp = 0, 1, IRO, IR1) 
11° indirect (disp = 0, 1, IRO, IR1) 


src three-operand addressing modes (T): 
00 register (Rn1, 0 <n1 < 27) 
01 indirect (disp = 0, 1, IRO, IR1) 
10 register (Rn1, 0 <n1 < 27) 
11. indirect (disp = 0, 1, IRO, IR1) 


dst register (Rn, 0 <n< 27) 


Encoding . 
24 23 1615 7 0 
Description The seven least significant bits of the count operand are used to generate the 


twos-complement shift count of up to 32 bits. 


If the count operand is greater than zero, the src operand is left-shifted by the 
_ value of the count operand. Low-order bits shifted in are zero-filled, and high- 
order bits are shifted out through the status register’s C (carry) bit. 


Arithmetic left-shift: 
Cesc 


If the count operand is less than zero, the src operand is right-shifted by the - 
absolute value of the countoperand. The high-order bits of the srcoperand are 
sign-extended as they are right-shifted. Low-order bits are shifted out through 
the C (carry) bit. 


Arithmetic right-shift: 
sign of src src > C 


lf the count operand is zero, no shift is performed, and the C (carry) bit is set 
to 0. The count, src, and dst operands are assumed to be signed integers. 
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Cycles 


Status Bits 


Mode Bit 


Example 
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These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 


LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N MSB of the output. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc Set to the value of the last bit shifted out. 0 for a shift count of 0. 


OVM Operation is not affected by OVM bit value. 
ASH3 *AR3--(1),R5,R0 
Before Instruction: 


AR3 = 809921h 

R5 = 02B0h 

RO = 0h 

Data at 809921h = 10h = 16 

LUF LV UF NZVC=0 000000 


After Instruction: 


AR3 = 809920h 

R5 = 000002B0h 

RO = 02B00000h 

Data at 809921h = 10h = 16 

LUF LV UF NZV C=0 000000 


Example ASH3 Ri,R3,R5 


Before Instruction: 


Ri = OFFFFFFF8h =-8 

R3=OFFFFCBOOh ~ 

R5 = 0h 

LUF LV UENZVC=0 000000 


After Instruction: 


R1 = OFFFFFFF8h =-8 

R3 = OFFFFCBOOh 

R5 = OFFFFFFCBh 

LUF LV UFNZVC=0 001000 
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Syntax ASH3 count, src2, dst1 
|| STI src3, dst2 


Operation If (count = 0): 
src2 << count > dst1 


Else: 
src2 >> |count| — dst1 


\| src3 > dst2 


Operands count register (Rn1,O0<n1 <7) 
src2__ indirect (disp = 0, 1, IRO, IR1) 
dst? register (Rn2,0 <n2 <7) 
src3_ register (Rn3, 0 <n3 <7) 
dst2 indirect (disp = 0, 1, IRO, IR1) 


Encoding 
31 24 23 1615 87 0 
Description _ The seven least significant bits of the countoperand register are used to gener- 


ate the twos-complement shift count of up to 32 bits. 


If the count operand is greater than zero, the dst operand is left-shifted by the 
value of the count operand. Low-order bits shifted in are zero-filled, and high- 
order bits are shifted out through the C (carry) bit. . 


- Arithmetic left-shift: 
Ce+sre2<0 


If the count operand is less than zero, the dst operand is right-shifted by the 
absolute value of the countoperand. The high-order bits of the dstoperand are 
sign-extended as it is right-shifted. Low-order bits are shifted out through the 
C (carry) bit. 


Arithmetic right-shift: 
sign of src2 > src2 > C 


If the count operand is zero, no shift is performed, and the C (carry) bit is set 
to 0. The count and dst operands are assumed to be signed integers. 


All registers are read at the beginning and loaded at the end of the execute 
cycle. This means that if one of the parallel operations (STI) reads from a regis- 
ter and the operation being performed in parallel (ASH3) writes to the same 
register, then STI accepts as input the contents of the register before it is modi- 
fied by the ASH3. 
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If src2 and dsi2 point to the same location, src2is read before the write to dsi2. 


Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N MSB of the output. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc Set to the value of the last bit shifted out. 0 for a shift count of 0. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example ASH3 R1,*AR6++(IR1),RO 


|| STI R5, *AR2 
Before Instruction: 


AR6 = 809900h 

IR1 =8Ch 

R1 = OFFE8h = — 24 

RO =0Oh | 

R5 = 35h = 53 

AR2 = 8098A2h 

Data at 809900h = OAEO00000h 

Data at 8098A2h = Oh 

LUF LV UF NZV C#0 000000 


After Instruction: 


AR6 = 80998Ch 

IR1i =8Ch 

R1 = OFFE8h =— 24 

RO = OFFFFFFAEh 

R5 = 35h =53 

AR2 = 8098A2h 

Data at 809900h = OAEO00000h 

Data at 8098A2h = 35h = 53 

LUF LV UF NZVC#0 001000 
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Syntax 


Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


iviode Bit 


31 


24 23 16 
011010 jlo 0 of of cond register or displacement 


Bcond src 


If cond is true: 
If src is in register addressing mode (Rn, 0 <n < 27), 
src — PC. 
lf src is in PC-relative mode (label or address), 
displacement + PC + 1 — PC. 
Else, continue. 


sre conditional-branch addressing modes (B): 
0 register 
1 PC-relative 


15 87 0 


Bcondsignifies a standard branch that executes in four cycles. A branch is per- 
formed if the condition is true (since a pipeline flush also occurs ona true condi- 
tion; see Section 9.2 on page 9-4). If the src operand is expressed in register 
addressing mode, the contents of the specified register are loaded into the PC. 
If the src operand is expressed in PC-relative mode, the assembler generates 
a displacement: displacement = label —(PC of branch instruction + 1). This dis- 
placement is stored as a 16-bit signed integer in the 16 least significant bits of 
the branch instruction word. This displacement is added to the PC of the branch 
instruction plus 1 to generate the new PC. 


The TMS320C8x provides 20 condition codes that can be used with this in- 
struction (see Section 10.2 on page10-9 for alist of condition mnemonics, en- 
coding, and flags). Condition flags are set on a previous instruction only when 
the destination register is one of the extended-precision registers (R7—RO) or 
when one of the compare instructions (CMPF, CMPF3, CMPI, CMPI3, TSTB, 
or TSTB3) is executed. 


LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 


OVM Operation is not affected by OVM bit value. 
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Example 
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BZ RO 
Before Instruction: 


PC = 2Bo0h 
RO = 0003FFO0h 
LUF LV UF NZ V C=0 0000 0 0 


After Instruction: 


PC = 3FFO00h 
RO = 0003FF00h | : 
LUF LV UFNZVC=0 000000 


Assembly Language Instructions 


Syntax 


Operation 


Operands 


Encoding 


31 


register or displacement 


Description 


_ Cycles 


Status Bits 


Mode Bit 


24 23 16 


BcondD src 


If cond is true: 
If src is in register addressing mode (Rn, O< n< 27), 
src — PC. 
If src is in PC-relative mode (label or address), 
displacement + PC + 3 — PC. 
Else, continue. . 


Src conditional-branch addressing modes (B): 
0 register 
1 PC-relative 


15 87 0 


Bcond D signifies a delayed branch that allows the three instructions after the 
delayed branch to be fetched before the PC is modified. The effect is a single- 
cycle branch, and the three instructions following Bcond D will not affect the 
cond. | 


A branch is performed if the condition is true. If the src operand is expressed 
in register addressing mode, the contents of the specified register are loaded 
into the PC. If the srcoperand is expressed in PC-relative mode, the assembler 
generates a displacement: displacement = label — (PC of branch instruction + 
3). This displacement is stored as a 16-bit signed integer in the 16 least signifi- 
cant bits of the branch instruction. This displacement is added to the PC of the 
branch instruction plus 3 to generate the new PC. The TMS320C3x provides 
20 condition codes that can be used with this instruction (See Section 10.2 on 
page 10-9 for a list of condition mnemonics, encoding, and flags). Condition 
flags are set on a previous instruction only when the destination register is one 
of the extended-precision registers (R7—RO) or when one of the compare in- 
structions (CMPF, CMPF83, CMPI, CMPI3, TSTB, or TSTB3) is executed. 


LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 


N Unaffected. 
Z Unaffected. 
V Unaffected. 


Cc Unaffected. 


OVM Operation is not affected by OVM bit value. 
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Example BNZD 36 (36 = 24h) 


Before Instruction: 


PC = 50h 
LUF LV UF NZV C=0 000000 


After Instruction: 


PC =77h 
LUF LV UF NZV C=0 0 00 0 0 0 
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Syntax BR src 


Operation src — PC 

Operands src long-immediate addressing mode 

Encoding 
31 24 23 1615 87 0 
BnAnoint : 

Description BR signifies a standard branch that executes in four cycles, since a pipeline 


flush also occurs upon execution of the branch; see Section 9.2. An uncondi- 
tional branch is performed. The srcoperand is assumed to be a 24-bit unsigned 
integer. Note that bit 24 = 0 for a standard branch. 


Cycles 4 


Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 


Z Unaffected. 

V Unaffected. 

Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example BR .805Ch 


Before Instruction: 


PC = 80h 
LUF LV UF NZV C=0 000000 


After Instruction: 


PC = 805Ch . 
LUF LV UF NZ V C=0 0 00 00 0 
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Syntax 


Operation 
Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 
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BRD src 
src > PC 


src long-immediate addressing mode 


24 23 1615 87 
0 O of 4 src 


BRD signifies a delayed branch that allows the three instructions after the 
delayed branch to be fetched before the PC is modified. The effect is a 
single-cycle branch. 


An unconditional branch is performed. The src operand is assumed to be a 
24-bit unsigned integer. Note that bit 24 = 1 for a delayed branch. 


LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 


OVM Operation is not affected by OVM bit value. 
BRD 2Ch 
Before Instruction: 


PC =1Bh 
LUF LV UF NZVC=0 000000 


After Instruction: 


PC =2Ch 
LUF LV UF N ZV C=#0 000000 


Assembly Language Instructions 


Syntax CALL src 
Operation Next PC > *++SP 
src > PC 
Operands src long-immediate addressing mode 
Encoding 
31 24 23 1615 87 0 
Grannies : 
Description A call is performed. The next PC value is pushed onto the system stack. The 


src operand is loaded into the PC. The src operand is assumed to be a 24-bit 
unsigned immediate operand. 


Cycles 4 


Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 


N Unaffected. 

Z Unaffected. 

V Unaffected. 

Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example CALL 123456h 


Before Instruction: 


PC =5h 
SP = 809801h 
LUF LV UF NZV C=0 0 00 00 0 


After Instruction: 


PC = 123456h 

SP = 809802h 

Data at 809802h = 6h 
LUF LV UF NZV C=0 0 00 00 0 
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Syntax 


Operation 


| Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 
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CALLcond src 


If cond is true: 
Next PC — *++SP 
lf src is in register addressing mode (Rn, 0<n< 27), 
sre — PC. 
If src is in PC-relative mode (label or address), 
displacement + PC + 1 — PC. 


Else, continue. 


src conditional-branch addressing modes (B): 
0 register 
1 PC-relative 


15 87 0 


A Call is performed if the condition is true. If the condition is true, the next PC 
value is pushed onto the system stack. If the srcoperand is expressed in regis- . 
ter addressing mode, the contents of the specified register are loaded into the 
PC. Ifthe srcoperand is expressed in PC-relative mode, the assembler gener- 
ates a displacement: displacement = label — (PC of call instruction + 1). This 
displacement is stored as a 16-bit signed integer in the 16 least significant bits 
of the call instruction word. This displacement is added to the PC of the call 
instruction plus 1 to generate the new PC. 


The TMS320C3x provides 20 condition codes that can be used with this in- 
struction (see Section 10.2 for a list of condition mnemonics, encoding, and 
flags). Condition flags are set on a previous instruction only when the destina- 
tion register is one of the extended-precision registers (R7—RO) or when one 
of the compare instructions (CMPF, CMPF3, CMPI, CMPI3, TSTB, or TSTB3) 

is executed. 


LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Zz Unaffected. 
V Unaffected. 
C Unaffected. 


OVM Operation is not affected by OVM bit value. 
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Example CALLNZ R5 
Before Instruction: 


PC = 123h 

SP = 809835h 

R5 = 789h 

LUF LV UF NZV C=0 00000 0 


- After Instruction: 


PC = 789h 

SP = 809836h 

R5 = 789h 

Data at 809836h = 124h 

LUF LV UFNZVC=0 000000 
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Syntax CMPF src, dst 


Operation dst — src 


Operands _src general addressing modes (G): 
00 register (Rn, O<n<7) 
01 direct 
10 — indirect 


11 immediate 


dst register (Rn, 0 <n <7) 


Encoding 
31 24 23 1615 87 0 
vee ef o) : 

Description The src operand is subtracted from the dst operand. The result is not loaded 
into any register, thus allowing for nondestructive compares. The dst and src 
operands are assumed to be floating-point numbers. 

Cycles 1 . 

Status Bits These condition flags are modified for all destination registers (R27 — RO). 
LUF 1 if a floating-point underflow occurs, unchanged otherwise. 
LV 1 if a floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if a floating-point overflow occurs, 0 otherwise. 

Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example CMPF *+AR4,R6 


Before Instruction: 


AR4 = 8098F2h 

R6 = 070C800000h = 1.4050e+02 

Data at 8098F3h = 070C8000h = 1.4050e + 02 
LUF LV UF NZVC=0 000000 


After Instruction: 


AR4 = 8098F2h 

R6 = 070C800000h = 1.4050e + 02 

Data at 8098F3h = 070C8000h = 1.4050e + 02 
LUF LV UF NZVC=+0 000100 
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Syntax CMPF3 src2, srci 
Operation src1 —src2 


Operands srci three-operand addressing modes (T): 
00 register (Rn1, O<n1 <7) 
01 indirect (disp = 0, 1, IRO, IR1) 
10 register (Rni, O<n1 <7) 
11 indirect (disp = 0, 1, IRO, IR1) 


src2 three-operand addressing modes (T): 
00 register (Rn2,0 <n2<7) 
01 register (Rn2, 0 <n2 <7) 
10 indirect (disp = 0, 1, IRO, IR1) 
11 indirect (disp = 0, 1, IRO, IR1) 


Encoding 
31 24 23 1615 87 0 
Description The src2 operand is subtracted from the src? operand. The result is not loaded 
into any register, thus allowing for nondestructive compares. The src7 and src2 
operands are assumed to be floating-point numbers. Although this instruction 
has only two operands, itis designated as a three-operand instruction because 
operands are specified in the three-operand format. 
Cycles 1 
Status Bits These condition flags are modified for all destination registers (R27 — RO). 
LUF $1 if a floating-point underflow occurs, unchanged otherwise. 
LV 1 if a floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 
N 1 if a negative result is generated, 0 otherwise. 
Zz 1 if a zero result is generated, 0 otherwise. 
V 1 if a floating-point overflow occurs, 0 otherwise. — 
Cc Unaffected. 


Mode Bit | OVM Operation is not affected by OVM bit value. 
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Example CMPF3 *AR2,*AR3—~—(1) 
Before Instruction: 


AR2 = 809831h 

ARS = 809852h 

Data at 809831h = 77A7000h = 2.5044e + 02 

Data at 809852h = 57A2000h = 6.253125e + 01 
LUF LV UF N ZV C=0 000000 


After Instruction: 


. AR2 = 809831h 
ARS = 809851h 
Data at 809831h = 77A7000h = 2.5044e + 02 
Data at 809852h = 57A2000h = 6.253125e + 01 
LUF LV UF NZVC=0 001000. 
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Syntax CMPI src, dst 
Operation dst — src 
Operands src general addressing modes (G): 
| 00 register (Rn, 0 <n< 27) 
01 direct 
10 — indirect 


11 immediate 


dst register (Rn, O<n< 27) 


Encoding 
31 24 23 16 15 87 0 
Description The src operand is subtracted from the dst operand. The result is not loaded 
into any register, thus allowing for nondestructive compares. The dst and src 
operands are assumed to be signed integers. 
Cycles 1 
Status Bits © These condition flags are modified for all destination registers (R27 — RO). 
LUF Unaffected. 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
C 1 if a borrow occurs, 0 otherwise. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example CMPI R3,R7 


Before Instruction: 


R3 = 898h = 2200 
R7 = 3E8h = 1000 
LUF LV UF N ZV C=0 000 0 0 0 


After Instruction: 


R3 = 898h = 2200 
R7 = 3E8h = 1000 
LUF LV UF N ZV C=0 0010 0 0 
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Syntax CMPI3 src2, srci 
Operation sre1 —src2 
Operands src? three-operand addressing modes (T): 


00 register (Rn1, 0 <ni <27) 
01. indirect (disp = 0, 1, IRO, IR1) 
10. register (Rn1, 0 <ni <27) 
11 indirect (disp = 0, 1, IRO, IR1) 


src2 three-operand addressing modes (T): 
00 register (Rn2, 0 <n2< 27) 
01. register (Rn2, 0 < n2 < 27) 
10 indirect (disp = 0, 1, IRO, IR1) 
11 indirect (disp = 0, 1, JRO, IR1) 


Encoding 


24 23 615 87 0 


aes aaa BS Bee srci src2 


Description The src2 operand is subtracted from the src? operand. The result is not loaded 
into any register, thus allowing for nondestructive compares. The src? and src2 
operands are assumed to be signed integers. Although this instruction has only 
two operands, it is designated as a three-operand instruction because oper- 
ands are specified in the three-operand format. 


Cycles - | 


Status Bits These condition flags are modified for all destination registers (R27 — RO). 
LUF Unaffected. 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
Vv 1 if an integer overflow occurs, 0 otherwise. 
C- 1 if a borrow occurs, 0 otherwise. 


Mode Bit OVM Operation is not affected by OVM bit value. 
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Compare Integer, 3-Operand ~=CMPI3 
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Example CMPI3 R7,R4 
Before Instruction: 


R7 = 03E8h = 1000 
R4 = 0898h = 2200 
LUF LV UF NZ V C=0 000000 


After Instruction: 


R7 = O3E8h = 1000 
R4 = 0898h = 2200 
LUF LV UF NZVC=0 000000 
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Syntax 


Operation 


Operands 


Encoding | 


Description 


10-68 


DBcond ARn, src 


ARn—-1-—-ARn 
If cond is ttue and ARn20: 
If srcis in register addressing mode (Rn, O<n<2Y), 
src —» PC. 
If srcis in PC-relative mode (label or address), 
displacement + PC + 1 > PC. 
Else, continue. 


sre conditional-branch addressing modes (B): 
0 register 
1 PC-relative 


ARn register (0 <n < 7) 


87 


615 0 
RaReT Ae ae cond register or displacement 


DBcond signifies a standard branch that executes in four cycles because the 
pipeline must be flushed if condis true. The specified auxiliary register is de- 
cremented and a branch is performed if the condition is true and the specified 


' auxiliary register is greater than or equal to zero. The condition flags are those 


set by the last previous instruction that affects the status bits. 


The auxiliary register is treated as a 24-bit signed integer. The most significant 
eight bits are unmodified by the decrement operation. The comparison of the 
auxiliary register uses only the 24 least significant bits of the auxiliary register. 
Note that the branch condition does not depend on the auxiliary register decre- 
ment. 


If the src operand is expressed in register addressing mode, the contents of 
the specified register are loaded into the PC. If the src operand is expressed 
in PC-relative addressing mode, the assembler generates a displacement: dis- 
placement = label — (PC of branch instruction + 1). This integer is stored as a 
16-bit signed integer in the 16 least significant bits of the branch instruction 
word. This displacement is added to the PC of the branch instruction plus 1 to 
generate the new PC. 


The TMS320C3x provides 20 condition codes that can be used with this in- 
struction (see Section 10.2 for a list of condition mnemonics, encoding, and 
flags). Condition flags are set on a previous instruction only when the destina- 
tion register is one of the extended-precision registers (RO—R7) or when one 
of the compare instructions (CMPF, CMPF3, CMPI, CMPI3, TSTB, or TSTB3) 
is executed. 
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Cycles 4 


Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Zz Unaffected. 
V Unaffected. 
Cc Unaffected. 


Mode Bit OVM Operation is not affected by OVM bit value. 


Example CMPI 200,R3 
DBLT AR3,R2 


Before Instruction: 


PC = 5Fh 
ARS3 = 12h 
R2 = 9Fh 
R3 = 80h 
LUF LV UF NZV C=0 0 010 0 0 


After Instruction: 


PC =9Fh 
AR3 = 11h 
R2 = 9Fh 
R3 = 80h 
LUF LV UF NZV C=0 0 010 0 0 
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Syntax 


Operation 


Operands 


Encoding 


Description 
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een cond register or displacement 


DBcondD ARn, src 


ARn-1-— ARn 
If cond is true and ARN = 0: 
If src is in register addressing mode (Rn, 0 <n < 27) 
src PC 
If src is in PC-relative mode (label or address) 
displacement + PC + 3 — PC. | 


Else, continue. 

src conditional-branch addressing modes (B): 
0 register 
1 PC-relative 


ARn register (0 <n <7) 


24 23 1615 


DBcond D signifies a delayed branch that allows the three instructions after the 
delayed branch to be fetched before the PC is modified. The effect is a single- 
cycle branch. The specified auxiliary register is decremented and a branch is 
performed if the condition is true and the specified auxiliary register is greater 
than or equal to zero. The condition flags are those set by the last previous in- 
struction that affects the status bits. The three instructions following the 
DBcondD do not affect the cond. 


The auxiliary register is treated as a 24-bit signed integer. The most significant 
eight bits are unmodified by the decrement operation. The comparison of the 
auxiliary register uses only the 24 least significant bits of the auxiliary register. 
Note that the branch condition does not depend on the auxiliary register decre- 
ment. 


If the src operand is expressed in register addressing mode, the contents of 
the specified register are loaded into the PC. Ifthe src is expressed in PC-rela- 
tive addressing, the assembler generates a displacement: displacement = la- 
bel — (PC of branch instruction + 3). This displacement is added to the PC of 
the branch instruction plus 3 to generate the new PC. Note that bit 21 = 1 for 
a delayed branch. | 


The TMS320C3x provides 20 condition codes that can be used with this in- 
struction (see Section 10.2 for a list of condition mnemonics, encoding, and 
flags). Condition flags are set on a previous instruction only when the destina- 
tion register is one of the extended-precision registers (R7—RO) or when one 
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of the compare instructions (CMPF, CMPF3, CMPI, CMPI3, TSTB, or TSTB3) 
is executed. 


Cycles 1 


Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 


N Unaffected. 

Z Unaffected. 

V Unaffected. 

Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example CMP I 0,R2 


DBZD AR5, $+110h 
Before Instruction: 


PC =100h 
R2 = 26h 
AR5 = 67h 
LUF LV UF NZV C=0 000000 


After Instruction: 


PC =210h 
R2 = 26h 
ARS = 66h 
LUF LV UF NZVC=0 000000 
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Syntax FIX src, dst 


Operation fix(src) > dst 

Operands src general addressing modes (G): 
00 register (Rn, 0 <n<7) 
01 direct 
10 — indirect 


11 immediate 


dst register (Rn, O<n< 27) 
Encoding . 


31 24 23 1615 87 0 


Description The floating-point operand src is converted to the nearest integer less than or 
equal to itin value, and the result is loaded into the dstregister. The srcoperand 
is assumed to be a floating-point number and the dstoperand a signed integer. 


The exponent field of the result register (if it has one) is not modified. 


Integer overflow occurs when the floating-point number is too large to be repre- 
sented as a 32-bit twos-complement integer. In the case of integer overflow, 
the result will be saturated in the direction of overflow. 


Cycles 1 


Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc Unaffected. 


Mode Bit OVM Operation is not affected by OVM bit value. 
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Example . FIX R1,R2 
Before Instruction: 


R1 = 0A28200000h = 1.3454e +3 
R2 = 0h | 
LUF LV UENZVC=0 000000 


After Instruction: 


R1 = 0A28200000h = 13454e + 3 
R2 = 541h = 1345 
LUF LV UF NZVC=0 000 00 0 
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Syntax FIX src2, dst 
| STI src3, dst2 

Operation fix(src2 ).— dst1 
|| src3— dst2 

Operands src2 indirect (disp = 0, 1, IRO, IR1) 
dst? register (Rni, O<ni <7) 
src3_ register (Rn2, 0 < n2 <7) 
dst2 indirect (disp = 0, 1, IRO, IR1) 


Encoding 


87 0 


31 24 23 1615 


Description A floating-point to integer conversion is performed. All registers are read at the 
beginning and loaded at the end of the execute cycle. This means that if one | 
of the parallel operations (STI) reads from a register, and the operation being 
performed in parallel (FIX) writes to the same register, then STI accepts as in- 
put the contents of the register before it is modified by FIX. 


If src2and dst2 point to the same location, src2is read before the write to dst2. 


Integer overflow occurs when the floating-point number is too large to be repre- 
sented as a 32-bit twos-complement integer. In the case of integer overflow, 
the result will be saturated in the direction of overflow. 


Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
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Example FIX *++AR4(1),R1 
: | | STI RO, *AR2 


Before Instruction: 


AR4 = 8098A2h 

R1=0Oh 

RO = ODCh = 220 

AR2 = 80983Ch 

Data at 8098A3h = 733C000h = 1.7950e + 02 
Data at 80983Ch = Oh 

LUF LV UF NZV C=#=0 0 000 0 0 


After Instruction: 


AR4 = 8098A3h 

Ri = 0B3h = 179 

RO = ODCh = 220 

AR2 = 80983Ch 

Data at 8098A3h = 733C000h = 1.79750e + 02 
Data at 80983Ch = ODCh = 220 

LUF LV UF N ZV C=0 000 00 0 


10-75 


susbentininateeeinanrt 


Syntax | FLOAT sre, dst 

Operation float (src) = dst 

Operands src general addressing modes (G): 
00 register (Rn, 0 <n< 27) 
01 direct 


10 — indirect 
11 immediate 


dst register (Rn, 0 <n <7) 


Encoding 
31 24 23 16 15 87 0 
Bd A 1 TT 
Description The integer operand srcis converted to the floating-point value equal to it, and 
the result loaded into the dst register. The src operand is assumed to be a 
signed integer, and the dst operand a floating-point number. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 0. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example FLOAT *++AR2(2),R5 


Before Instruction: 


AR2 = 809800h 

R5 = 034C2000h = 1.27578125e + 01 

Data at 809802h = OAEh = 174 

LUF LV UF NZVC=0 0 000 0 0 


After Instruction: 


AR2 = 809802h 

R5 = 072E00000h = 1.74e + 02 

Data at 809802h = OAEh = 174 

LUF LV UF NZ VC=#0 000000 


10-76 Assembly Language Instructions 


ees a ae eee Parallel FLOAT and STF. FLOAT||STF. 
Syntax | FLOAT src2, dst? 
|| STF src3, dst2 
Operation float(src2 ) — dst1 
|| src3— dst2 
Operands ‘src2 indirect (disp = 0, 1, IRO, IR1) 


dst? register (Rn1,0<n1 <7) 
src3__ register (Rn2, 0 < n2 3 7) 
dst2 register (disp = 0, 1, IRO, IR1) 


Encoding 
31 24 23 1615 87 0 
riforors} an foo ol os | we | see 
Description An integer to floating-point conversion is performed. All registers are read at 
the beginning and loaded at the end of the execute cycle. This means that if 
one of the parallel operations (STF) reads from a register and the operation 
being performed in parallel (FLOAT) writes to the same register, then STF ac- 
cepts as input the contents of the register before it is modified by FLOAT. 
lf src2 and dst2 point to the same location, src2is read before the write to dsi2. 
Cycles 1 
Status Bits _ These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. ts 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 0. 
Cc Unaffected. 
Mode Bit OVM Operation is affected by OVM bit value. 
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Example FLOAT *+AR2(IRO),R6 
{| STF  R7,*ARL 


Before Instruction: 


AR2 = 8098C5h 

IRO = 8h 

R6 = Oh 

R7 = 034C200000h = 1.27578125e + 01 

AR1 = 809933h 

Data at 8098CDh = OAEh = 174 

Data at 809933h = Oh 

LUF LV UF NZV C=0 0000 00 


After Instruction: 


AR2 = 8098C5h 

IRO = 8h 

R6 = 072E000000h = 1.740e + 02 

R7 = 034C200000h = 1.27578125e + 01 

AR1 = 809933h 

Data at 8098CDh = OAEh = 174 

Data at 809933h = 034C2000h = 1.27578125e + 01 
LUF LV UF NZV C=0 000000 
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Syntax 


Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 
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24 23 16 
foool11 011 0| Gloo000 src 


_Interrupt Acknowledge —_ JACK 


SRI NTL EL, 


IACK src 


Perform a dummy read operation with [ACK = 0. 
At end of dummy read, set IACK to 1. 


src general addressing modes (G): 
01 direct 
10 — indirect 


15 87 0 


A dummy read operation is performed with IACK = 0. At the end of the dummy 
read, IACK is set to 1. This instruction can be used to generate an external in- 
terrupt acknowledge. If the address specified is off-chip, a read operation from 
that address is performed. The IACK signal and the address can then be used 
to signal interrupt acknowledge to external devices. The data read by the pro- 
cessor is unused. 


1 
LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Zz Unaffected. 
V Unaffected. 
Cc Unaffected. 


OVM Operation is not affected by OVM bit value. 
IACK *AR5 


Before Instruction: 


IACK = 1 
PC =300h 
LUF LV UF NZVC=0 0 00 00 0 


After Instruction: 


IACK = 1 
PC =301h 
LUF LV UF NZV C=0 000000 
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Syntax IDLE 


Operation 1 — ST(GIE) 
Next PC — PC 
Idle until interrupt. 
Operands None 
Encoding 
31 24 23 1615 87 0 
BOS Enna DASnnnninnnnnnnnnnnnninns 
Description The global interrupt enable bit is set, the next PC value is loaded into the PC, 


and the CPU idles until an interrupt is received. When the interrupt is received, 
the contents of the PC are pushed onto the active system stack. 


Cycles 1 


Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 


N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 


Mode Bit OVM Operation is not affected by OVM bit value. 


10-80 Assembly Language Instructions 


an, Load Floating-Point Exponent LDE 
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Syntax LDE src, dst — 

Operation src(exp) > dst(exp) 

Operation src general addressing modes (G): 
00 register (Rn, O<n</7) 
01 direct 


10 _ indirect 
11 immediate 


dst register (Rn, O<n<7) 


Encoding 
31 24 23 1615 87 0 
eee pe] ee Pe 
Description The exponent field of the src operand is loaded into the exponent field of the 
dst register. No modification of the dst register mantissa field is made unless 
the value of the exponent loaded is the reserved value of the exponent for zero 
as determined by the precision of the src operand. Then the mantissa field of 
the dstregister is set to zero. The srcand dstoperands are assumed to be floa- 
ting-point numbers. Immediate values are evaluated in the short floating point 
format. 
Cycles 1 
Status Bits LUF Unaffected. 
LV Unaffected.. 
UF Unaffected. 
N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example LDE RO,R5 


Before Instruction: 


RO = 0200056F30h = 4.00066337e + 00 
R5 = OAOS56FE332h = 1.06749648e + 03 
LUF LV UF N ZV CeH#0 0000 0 0 


After Instruction: 


RO = 0200056F30h = 4.00066337e + 00 
R5 = 02056FE332h = 4.16990814e + 00 
LUF LV UF N ZV C=0 0 00 0 0 0 


10-81 


AA ELLE LLL DLL LELELT EA LLL LL LALA LLL ELLE LLL EPL ETAL LEE CAROL RPL DAP EEA POLLO RATER ECCLES LELLONLEE LEELA ES PEL PELLET LEN DELS ESO EP ELLER ELEL CELL LLLLE LEE E ELL SERLEALLELLEE SCE ELOLED REEL ELEEL ELL ALE ELE A EEL ELLE ALTE ELT AAPL ELLA DLA T STL 


Syntax LDF src, dst 

Operation src — dst 

Operands src general addressing modes (G): 
00 register (Rn, 0 <n<7) 
01 ~~ direct 


10 indirect 
11 immediate 


dst register (Rn, O<n<7) 


Encoding 
31 24 23 16 15 __ 87 0 
ee fee rr fe] a = 
Description The src operand is loaded into the dst register. The dst and src operands are 
assumed to be floating-point numbers. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
Vv 0. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example LDF . @9800h,R2 


Before Instruction: 


DP = 80h 

R2 = 0h 

Data.at 809800h = 10C52A00h = 2.19254303e + 00 
LUF LV UF NZVCG=0 000000 


After Instruction: 


DP = 80h 

R2 = 010C52A000h = 2.19254303e + 00 

Data at 809800h = 10C52A00h = 2.19254303e + 00 
LUF LV UF N ZV C=0 000 0 0 0 
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__Load Floating-Point Conditionally = LDFcond 


sigiiniatnattittatiattitatattatitteattet ete AOR TOA ee sacnousseumemnes 


Syntax LDFcond src, dst 
Operation If cond is true: 
src — dst. 
Else: 


dst is unchanged. 


Operands src general addressing modes (G): 
00 register (Rn, 0 <n< 7) 
01 ~~ direct 
10 — indirect 


11 immediate 


dst register (Rn, 0 <n<7) 


Encoding 
31 24 23 1615 87 0 
Description If the condition is true, the src operand is loaded into the dst register. Other- 
wise, the dst register is unchanged. The dst and srcoperands are assumed 
to be floating-point numbers. 
The TMS320C3x provides 20 condition codes that can be used with this in- 
struction (see Section 10.2 for a list of condition mnemonics, encoding, and 
flags). Note that an LDFU (load floating-point unconditionally) instruction is 
useful for loading R7 — RO without affecting condition flags. Condition flags 
are set on a previous instruction only when the destination register is one of 
the extended-precision registers (R7—RO) or when one of the compare instruc- 
tions (CMPF, CMPF3, CMPI, CMPI3, TSTB, or TSTB3) is executed. 
Cycles 1 
Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
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Example 
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LDEZ.. -R3;-R5 


Before Instruction: 


R3 = 2CFF2CD500h = 1.77055560e +13 
R5 = 5FO000003Eh = 3.96140824e + 28 
LUF LV UF N ZV C=0 0 0 0 


After Instruction: 


R3 = 2CFF2CD500h = 1.77055560e +13 
R5 = 2CFF2CD500h = 1.77055560e +13 
LUF LV UF NZV C=0 0 0 0 


1 


0 0 


Assembly Language Instructions 


Syntax. 


Operation 


Operands 


Encoding 
31 


24 23 16 


LDFI src, dst 


Signal interlocked operation. 
src > dst 


src general addressing modes (G): 
01 direct 
10 — indirect 


dst register (Rn, O<n<7) | 


15 87 0 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 


The src operand is loaded into the dst register. An interlocked operation is sig- 
naled over XFO and XF1. The srcand dstoperands are assumed to be floating- 
point numbers. Note that only direct and indirect modes are allowed. Refer to 
Section 6.4 for detailed description. 


1 if XF1 = 0 (see Section 6.4) 


These condition flags are modified only if the destination register is R7 = RO. 
LUF Unaffected. 
LV Unaffected. 


UF 0. 

N 1 if a negative result is generated, 0 otherwise. 
Z 1 if.a zero result is generated, 0 otherwise. 

V 0 


Cc Unaffected. 

OVM Operation is not affected by OVM bit value. 
LDFI *+AR2,R7 

Before instruction: 


AR2 = 8098F 1h 

R7 = 0h 

Data at 8098F2h = 584C000h = — 6.28125e + 01 
LUF LV UF NZV C=0 000000 


After Instruction: 


AR2 = 8098F ith 

R7 = 0584C00000h = — 6.28125e + 01 

Data at 8098F2h = 584C000h = — 6.28125e + 01 
LUF LV UF NZV C=0 000001 
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LDF||LDF | 


stage SS a ke EE eS LSE SSeS Se REE a ES LSS aS “ Ss AS 


ateaneitinahtotestteattetn tN NETTLETON IE EPO NILE STL OTT ELEN LET ONE EEE ESE EIEN AERA EDEL EE SEE EES NEESER SDSS ASSESS ESET NSE 


Syntax | LDF src2, dst2 
|| LDF src1, dst? 
Operation src2 — dst2 
\| src? — dst? 
Operands src1__ indirect (disp = 0, 1, IRO, IR1) 


dst? register (Rn1,0<n1 <7) 
src2 indirect (disp = 0, 1, IRO, IR1) 
dst2 register (Rn2, 0 <n2 <7) 


Encoding 
31 24 23 1615 87 0 
eee Te] oe [on [ore] eee 
Description Two floating-point loads are performed in parallel. If the LDFs load the same 
register, the assembler issues a warning. The result is that of LDF src2, dsi2. 
Cycles 1 
Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Z Unaffected. 
V Unaffected. 
C Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 


10-86 . Assembly Language Instructions 


sittntarecst CNG! LOE eNO LOT ose 


Example LDF *-— AR1(IRO),R7 
|| LDF *AR7++(1),R3 


Before Instruction: 


AR1 = 80985Fh 

IRO = 8h 

R7 = 0h 

AR7 = 80988Ah 

R3 = 0h 

Data at 809857h = 70C8000h = 1.4050e + 02 
Data at 80988Ah = 57B4000h = 6.281250e + 01 
LUF LV UFNZVC=0000000 


After Instruction: 


AR1 = 809857h 

RO = 8h 

R7 = 070C800000h = 1.4050e + 02 

AR7 = 80988Bh 

R3 = 057B400000h = 6.281250e + 01 

Data at 809857h = 70C8000h = 1.4050e + 02 
Data at 80988Ah = 57B4000h = 6.281250e + 01 
LUF LV UF NZV C=0 0 00 0 0 0 


10-87 


nant 


Syntax LDF src2, dst7 
| || STF src3, dst2 


Operation src2 — dst1 
|| srce3— dst2 
Operands Src2 indirect (disp = 0, 1, IRO, IR1) 


dst? register 
src3 register 
dst2 indirect 


Rni,O0<ni <7) 
Rn2,0<n2<7) © 
disp = 0, 1, IRO, IR1) 


SN 


Encoding | 
31 24 23 1615 87 0 
errs ae feo me |e 
Description — A floating-point load and a floating-point store are performed in parallel. 
If src2 and dst2 point to the same location, src2is read before the write to dst2. 
Cycles 1 
Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 


10-88 Assembly Language Instructions . 


Example LDF *AR2——-(1),R1 
|| STF R3,*AR4++(IR1) 


Before Instruction: 


AR2 = 8098E7h 

R1=0Oh 

R3 = 057B400000h = 6.28125e + 01 

AR4 = 809900h 

IR1=10h 

Data at 8098E7h = 70C8000h = 1.4050e + 02 
Data at 809900h = Oh 

LUF LV UF N ZV C=0 000000 


After Instruction: 


AR2 = 8098E6h | 

R1 = 070C800000h = 1.4050e + 02 

R3 = 057B400000h = 6.28125e + 01 

AR4 = 809910h 

IR1=10h 

Data at 8098E7h = 70C8000h = 1.4050e + 02 
Data at 809900h = 57B4000h = 6.28125e + 01 
LUF LV UF NZVC#0 000000 
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Syntax 


Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


10-90 


24 23 16 


LDI SIC, dst 
src > dst 


src general addressing modes (G): 
00 register (Rn, 0 <n<27) 
01 direct 
10 indirect 
11 immediate 


dst register (Rn, 0 <n < 27) 


15 87 0 


The src operand is loaded into the dst register. The dstand src operands are 
assumed to be signed integers. An alternate form of LDI, LDP, is used to load 


the data page pointer register (DP), or any other register with the eight MSBs 


of a relocatable address. See the LDP instruction and subsection 10.3.2. 


1 


These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 


UF 0. 

N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 

V 0 


Cc Unaffected. 
OVM Operation is not affected by OVM bit value. 


Assembly Language Instructions 


aeeaalgeeaiehensiehetseaheshceaass ahaa ghee eee easier aaa eae AAMAS Mate NET aS SN STSADM NESE STAGES Naa NALA AOU SOURS NAGRSG SEES SO RMGRO NE SSE OMG 


Example LDI *-AR1(IRQ),R5 
Before Instruction: 


AR1 =2Ch 

IRO = 5h 

R5 = 3C5h = 965 

Data at 27h = 26h = 38 

LUF LV UF N ZV C=#0 000000 


After Instruction: 


AR1 =2Ch 

IRO = 5h 

R5 = 26h = 38 

Data at 27h = 26h = 38 

LUF LV UF N ZV C=0 0 00 00 0 
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saenaiee tase oes: 


Syntax LDicond src, dst 
Operation If cond is true: 
src > dst, 
Else: 


dst is unchanged. 
Operands src general addressing modes (G): 


00 register (Rn, 0<n<27) 
01. direct 

10. indirect 

11 immediate 


dst register (Rn, 0 <n < 27) 


Encoding 
31 24 23 1645. 87 0 
eve] ow [ef Pe 
Description If the condition is true, the src operand is loaded into the dst register. Other- 
wise, the dst register is unchanged. The dst and src operands are assumed 
to be signed integers. 
The TMS320C3x provides 20 condition codes that can be used with this in- 
struction (see Section 10.2 for a list of condition mnemonics, encoding, and 
flags). Note that an LDIU (load integer unconditionally) instruction is useful for 
loading R7 — RO without affecting the condition flags. Condition flags are set 
on aprevious instruction only when the destination register is one of the exten- 
ded-precision registers (R7—RO) or when one of the compare instructions 
(CMPF, CMPF3, CMPI, CMPI3, TSTB, or TSTB3) is executed. 
Cycles 1 
Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Z Unaffected. 
V- Unaffected. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
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eiinennennnnrnnaeeaheeccceteeecccetlceecc nal earn nnn ee eG SES SEMA RAR EERE ESOS OD PIO O MELON COO PE CESSES EEE EENE COC EEESTE NE RAE EEE LEEPER EE SESEA ditt espn anni 


Example LDIZ R4,R6 
Before Instruction: 


R4 = 027Ch = 636 
R6 = OFE2h = 4,066 
LUF LV UF NZV C=0 000000 


After Instruction: , 


R4 = 027Ch = 636 
R6 = OFE2h = 4,066 
LUF LV UF N ZV C=0 0 00000 
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a ceieareersaesises StS cS acs SSNS SO I SS, SI a SSR AR RS SS SS RN a Oa RL AA oD 


Syntax LDII src, dst 
Operation Signal interlocked operation. 
src —> dst 
Operands src general addressing modes (G): 
01 direct 


10 _ indirect 


dst register (Rn, 0 <n< 27) 


Encoding 
31 24 23 1615 87 0 
ever erefe[ a TT 
Description The src operand is loaded into the dst register. An interlocked operation is sig- 
naled over XFO and XF1. The src and dstoperands are assumed to be signed 
integers. Note that only the direct and indirect modes are allowed. Refer to 
Section 6.4 for detailed description. 
Cycles 1 if XF = 0 (see Section 6.4 on page 6-10) 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 0. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example LDII @985Fh,R3 


Before Instruction: 


DP = 80 

R3 = Oh 

Data at 80985Fh = ODCh 

LUF LV UF NZVC=0 0000 0 0 


After Instruction: 


DP = 80 

R3 = O0DCH 

Data at 80985Fh = ODCh 

LUF LV UF NZVC=0 0000 0 0 


10-94 | Assembly Language Instructions 


SSE ies RR RS eR ES 


Syntax 


LDI src2, dsi2 


|| LDI srci, dst? 


Operation 


src2 > dst2 


|| srce1 — dst1 


srcl 
dsti 
src2 
dst2 


Operands 


indirect (disp = 0, 1, IRO, IR1) 
register (Rn1, 0 <n1 <7) 
indirect (disp = 0, 1, IRO, IR1) 
register (Rn2, 0 <n2 <7) 


Encoding 
3 15 87 . 0 


1 24 23 16 


Description Two integer loads are performed in parallel. A warning is issued by the assem- 
_ bler if the LDIis load the same register. The result is that of LDI src2, dst2. 


Cycles 1 


Unaffected. 
Unaffected. 
Unaffected. 
N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 


OVM Operation is not affected by OVM bit value. 


Status Bits 


Mode Bit 
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Example LDI *-AR1 (1),R7 
|| LDI *AR7++(IRO),R1 


Before Instruction: 


AR1 = 809826h 

R7 = Oh 

AR7 = 8098C8h 

IRO = 10h 

Ri =0Oh 

Data at 809825h = OFAh = 250 

Data at 8098C8h = 2EEh = 750 

LUF LV UF NZV C=H=0 00000 0 


After Instruction: 


AR1 = 809826h 

R7 = OFAh = 250 

AR7 = 8098D8h 

IRO = 10h 

Ri = 02EEh = 750 

Data at 809825h = OFAh = 250 

Data at 8098C8h = 2EEh = 750 

LUF LV UF N ZV C=0 000 0 0 0 
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assiinesinnnenonsanneennnenntarnnentenninen tdi tena ntmmntentN ttn tea tstetn ponte te nro ann ten gr needa tre eaten Nee itn sisignennsnegnnnnmntsttco setae 


Syntax LDI src2, dst1 
|| STI src3, dst2 


Operation | src2 — dst1 
| src3— dst2 


Operands src2__ indirect (disp = 0, 1, IRO, IR1) 
dst? register (Rn1,0<n1 <7) 
src3_ register (Rn2, 0 <n2 <7) 
dst2 indirect (disp = 0, 1, IRO, IR1) 


Encoding 
31 24 23 1615 87 0 
eee on [owe ee | ae 
Description An integer load and an integer store are performed in parallel. If src2 and dst2 
point to the same location, src2 is read before the write to dst2. 
Cycles i 
Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 


10-97 


Example LDI *-AR1(1),R2 
|| STI R7,*AR5++ (IRO) 


Before Instruction: 


AR1 = 8098E7h 

R2=0h 

R7 = 35h = 53 

AR5 = 80982Ch 

IRO = 8h 

Data at 8098E6h = ODCh = 220 

Data at 80982Ch = Oh 

LUF LV UF NZVC#0 000000 


After Instruction: 


AR1 = 8098E7h 

R2 = 0DCh = 220 

R7 = 35h = 53 

AR5 = 809834h 

IRO = 8h 

Data at 8098E6h = ODCh = 220 

Data at 80982Ch = 35h = 53 

LUF LV UF NZVC=#0 000000 


10-98 - Assembly Language Instructions 


ciineinitinrtheiinananinntsianiaisionstits 


Syntax 
Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 


egeheseeheabeetecar eaten eee reestan ec nrhteatt th Le NNR 


LDM src, dst 
sre (man) > dst (man) 


src general addressing modes (G): 
00 register (Rn, 0 <n<7) 
01 direct 
10 — indirect 
11 immediate 


dst register (Rn, 0 <n <7) 


24 23 1615 87 0 


The mantissa field of the src operand is loaded into the mantissa field of the 
dst register. The dst exponent field is not modified. The sre and dst operands 
are assumed to be floating-point numbers. If the src operand is from memory, 
the entire memory contents are loaded as the mantissa. If immediate address- 
ing mode is used, bits 15 —12 of the instruction word are forced to 0 by the as- 
sembler. 


LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 


N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 


OVM Operation is not affected by OVM bit value. 
LDM 156.75,R2 (156.75 = 071CC00000h) 
Before Instruction: 


R2=0h 
LUF LV UF NZV C=#=0 000 0 0 0 


After Instruction: 
R2 = 001CC00000h = 1.22460938e + 00 
LUF LV UF NZVC#0 0000 0 0 
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Sstinahiieisanteabisia ims 


Syntax 
Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 


10-100 


31 


24 23 1615 87 


Page Pointer 


ABEL RIPE LE LITE PL ET LRN tatty 
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LDP src, DP 


- src + Data page pointer 


srcis the 8 MSBs of the absolute 24-bit source address (src). 
The “,DP” in the operand is optional. 


dst register (Rn, O<n<7) 


0 


This pseudo-op is an alternate form of the LDI instruction, except that LDP is 
always in the immediate addressing mode. The src operand field contains the 
eight MSBs of the absolute 24-bit srcaddress (essentially, only bits 23 —16 of 
src are used). These eight bits are loaded into the eight LSBs of the data page 
pointer. 


The eight LSBs of the pointer are used in direct addressing as a pointer to the 
page of data being addressed. There is a total of 256 pages, each page 64K 
words long. Bits 31 — 8 of the pointer are reserved and should be kept to zero. 


1 


These condition flags are modified only if the destination register is R7 — RO. - 
LUF Unaffected. . 

LV Unaffected. 
UF Unaffected. 


N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 


OVM Operation is not affected by OVM bit value. 


LDP @809900h, DP 
or . 
LDP @809900h 


Before Instruction: 


DP = 65h 
LUF LV UF N ZV C=#=0 000 0 0 0 


After Instruction: 


DP = 80h 
LUF LV UF NZVC=0 000000 


Assembly Language Instructions 


SSS SSC SSS SCR SCS C SESS 


Syntax LSH count, dst 


Operation If count 2 0: 
dst << count > dst 


Else: 
dst >> |count | — dst 


Operands ‘count general addressing modes (G): 


00 register (Rn, 0 <n< 27) 
01 direct 
10 indirect 


11 immediate 


dst register (Rn, 0 <n < 27) 


Encoding 
31 24 23 16 15 87 _0 
eons] aw | em 
Description The seven least significant bits of the countoperand are used to generate the 


twos-complement shift count. If the countoperand is greater than zero, the dst 
operand is left-shifted by the value of the countoperand. Low-order bits shifted 
in are zero-filled, and high-order bits are shifted out through the C (carry) bit. 


Logical left-shift: 
C<dst<«0 


If the count operand is less than zero, the dstis right-shifted by the absolute 
value of the count operand. The high-order bits of the dst operand are zero- 
filled as shifted to the right. Low-order bits are shifted out through the C (carry) 
bit. 
Logical right-shift: 

0—- dst C 


If the count operand is 0, no shift is performed and the C (carry) bit is set to 0. 
The count operand is assumed to be a signed integer and the dst operand is 
assumed to be an unsigned integer. 
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LSH _Logical Shift 


LSS eS SSE a a ean SR SS eS Se SN SS SS SS OS SL a eS RR Se 


Cycles 1 


Status Bits | These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N MSB of the output. 
Z 1 if a zero output is generated, O otherwise. . 
V O: = 
C Set to the value of the last bit shifted out. 0 for a shift count of 0. 


Mode Bit OVM Operation is not affected by OVM bit value. 
Example 1 LSH R4,R7 


Before Instruction: 


| R4=018h = 24 
_R7=02ACh 
LUFLV UENZVC=0 000000 


After Instruction: 


R4=018h =24 - 
R7 = 0AC000000h 
LUF LV UF NZ V C=0 001010 


Example 2 LSH *-ARS (IR1);,R5 
Before Instruction: 


ARS = 809908h 

IRO = 4h 

R5 = 0012C00000h 

Data at 809904h = OFFFFFFF4h = —-12 

LUF LV UF N ZV C=0 0000 0 0 


After Instruction: 


ARS = 809908h 

IRO = 4h 

R5 = 0000012C00h 

Data at 809904h = OFFFFFFF4h = —-12 

LUF LV UF NZVC=0 000000 


10-102 Assembly Language Instructions 


3-Operand _LSH3 


MSEC SOC SS ed 
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Syntax LSH3 count, src, dst 


Operation If count = 0: 
src << count > dst 


Else: 
src >> [count | > dst 


Operands src three-operand addressing modes (T): 
00 register (Rn1,0<n<27) 
01 indirect (disp = 0, 1, IRO, IR1) 
10 register (Rni, O< ni < 27) 
11° indirect (disp = 0, 1, IRO, IR1) 


count three-operand addressing modes (T): 
00 register (Rn2,0<n2< 27) 
01 register (Rn2, 0 < n2 < 27) 
10 _ indirect (disp = 0, 1, IRO, IR1) 
11. indirect (disp = 0, 1, IRO, IR1) 


dst register (Rn, O<n<27) 


Encoding 
31 24 23 16 15 87 0 
Description The seven least significant bits of the count operand are used to generate the 


twos-complement shift count. 


If the count operand is greater than zero, the dst operand is left-shifted by 
the value of the count operand. Low-order bits shifted in are zero-filled, and 
high-order bits are shifted out through the C (carry) bit. 


Logical left-shift: 
C<«src<e0 


If the count operand is less than zero, the src operand is right-shifted by the 
absolute value of the countoperand. The high-order bits of the dstoperand are 
zero-filled as shifted to the right. Low-order bits are shifted out through the C 
(carry) bit. 
Logical right-shift: 

0—-src>C 


If the count operand is 0, no shift is performed and the C (carry) bit is set to 0. 
The count operand is assumed to be a signed integer. The src and dst oper- 
ands are assumed to be unsigned integers. 
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Cycles 1 


Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 


UF 0. 
N MSB of the output. 
Z 1 if a zero output is generated, 0 otherwise. 
V 0. 
Cc Set to the value of the last bit shifted out. 0 for a shift count of 0. 
Unaffected if dst is not R7 — RO. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example 1 LSH3 R4,R7,R2 


‘Before Instruction: 


R4 = 018h = 24 

R7=02ACh © 

R2 = 0h 

LUF LV UENZVC=0 000000 


After Instruction: 


R4 = 018h = 24 

R7 = 02ACh 

R2 = 0ACQ00000h 

LUF LV UF NZV C=0 0010 1 0 


Example 2 LSH3 *-AR4(IR1),R5,R3 
Before Instruction: 


AR4 = 809908h 

IR1 = 4h 

R5 = 012C00000h 

R3 = 0h 

Data at 809904h = OFFFFFFF4h = —-12 

LUF LV UF N ZV C=0 0 00 0 0 0 


After Instruction: 


AR4 = 809908h 

IR1 = 4h 

R5 = 012C00000h 

R3 = 0000012C00h 

Data at 809904h = OFFFFFFF4h = -12 

LUF LV UF N ZV C=0 0 000 0 0 


10-104 Assembly Language Instructions 


Syntax 


Operation 


Operands 


Encoding 


31 24 23 1615 87 


Description 


LSH3_ count, src2, dst1 
|| STI src3, dst2 


If count 2 0: 

src2 << count > dst! 
Else: 

Src2 >> |count | > dst1 
\| src3 > dst2 


count register (Rn1, 0<n1 <7) 
src? indirect (disp = 0, 1, IRO, IR1) 
dst? register (Rn3, 0 <n3 <7) 
src2 register (Rn4,0 <n4<7) 
dst2 indirect (disp = 0, 1, IRO, IR1) 


0 


The seven least significant bits of the count operand are used to generate the 
twos-complement shift count. 


If the count operand is greater than zero, the dst operand is left-shifted by 
the value of the count operand. Low-order bits shifted in are zero-filled and 
high-order bits are shifted out through the C (carry) bit. 


Logical left-shift: 
C<dst2<0 


If the count operand is less than zero, the dst operand is right-shifted by the 
absolute value of the count operand. The high-order bits of the dst operand 
are zero-filled as shifted to the right. Low-order bits are shifted out through the 
C (carry bit). 


Logical right-shift: 
0-> dst2>C 
If the count operand is 0, no shift is performed and the carry bit is set to 0. 


The count operand is assumed to be a 7-bit signed integer, and the src2 and 
dst? operands are assumed to be unsigned integers. All registers are read at 
the beginning and loaded at the end of the execute cycle. This means that 

if one of the parallel operations (STI) reads from a register and the operation 
being performed in parallel (LSH3) writes to the same register, then STI ac- 
cepts as input the contents of the register before it is modified by the LSH3. 


If src2 and dst2 point to the same location, src2is read before the write to dsi2. 
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Cycles 


Status Bits 


Mode Bit 


Example 


10-106 


1 


These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 

LV Unaffected. 

UF 0 


N MSB of the output. 

Z 1 if a zero output is generated, 0 otherwise. 

V 0. 

Cc Set to the value of the last bit shifted out. 0 for a shift count of 0. 


OVM Operation is affected by OVM bit value. 


LSH3 R2,*++AR3(1),R0 
lf Str R4, *-ARS 


Before Instruction: 


R2 = 18h = 24 

ARS = 8098C2h 

RO =0Oh 

R4 = ODCh = 220 

AR5 = 8098A3h 

Data at 8098C3h = O0OACh 

Data at 8098A2h = Oh 

LUF LV UF NZVC=0 000000 


After Instruction: 


R2 = 18h = 24 

AR3 = 8098C3h 

RO = 0OACO000000h 

R4 = ODCh = 220 

AR5 = 8098A3h 

Data at 8098C3h = OACh 

Data at 8098A2h = ODCh = 220 

LUF LV UF NZ V C=0 001010 


Assembly Language Instructions 


Example 


cease tneteteceetestcenceeae canna cece ase ete decane cence eect TEEN OE IEEE ani SERINE 


LSHS RI; *ARZ==(1).R2 
Pivset RO, *+ARO (1) 


Before Instruction: 


R7 = OFFFFFFF4h =—-12 

AR2 = 809863h 

R2 = 0h 

RO = 12Ch = 300 

ARO = 8098B7h 

Data at 809863h = 2C000000h 
Data at 8098B8h = Oh 


~LUF LV UF N ZV C=0 0 00 00 0 


After Instruction: 


R7 = OFFFFFFF4h =-12 

AR2 = 809862h 

R2 = 2C000h 

RO = 12Ch = 300 

ARO = 8098B7h 

Data at 809863h = 2C000000h 

Data at 8098B8h = 12Ch = 300 

LUF LV UF NZV C=0 0000 0 0 
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Syntax 
Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 


10-108 


24 23 16 


nner aaa aaa aaa eae eee a ace ana eae aioe atleast 


MPYF src, dst 


dst x src — dst 


src general addressing modes (G): 
00 register (Rn, O<n<7) 

01 ~~ direct 

10 — indirect 

11 immediate 


dst register (Rn, 0<n<7) 


15 87 0 


The product of the dstand src operands is loaded into the dst register. The src 
operand is assumed to be a single-precision floating-point number, and the dst 
operand is an extended-precision floating-point number. 


1 


These condition flags are modified only if the destination register is R7 — RO. 
LUF (1 if a floating-point underflow occurs, unchanged otherwise. © 


LV 1 if a floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 

N 1 if a negative result is generated, 0 otherwise. 

Z 1 if a zero result is generated, 0 otherwise. 

V 1 if a floating-point is overflow occurs, 0 otherwise. 

C Unaffected. 


OVM Operation is not affected by OVM bit value. 


MPYF RO,R2 


Before Instruction: 


RO = 070C800000h = 1.4050e + 02 
R2 = 034C200000h = 1.27578125e + 01 
LUF LV UF N ZV C=0 0 000 0 0 


After Instruction: 


RO = 070C800000h = 1.4050e + 02 
R2 = OA600F2000h = 1.79247266e + 03 
LUF LV UF NZV C=0 0 00 0 0 0 


Assembly Language Instructions 


Syntax MPYF3 src2, src1, dst 
Operation src? x src2 > dst 
Operands src? three-operand addressing modes (T): 


00 register (Rn1,O0<ni <7) 
01 indirect (disp = 0, 1, IRO, IR1) 
10 register (Rn1, 0 <ni <7) 
11 indirect (disp = 0, 1, IRO, IR1) 


src2 three-operand addressing modes (1): 
00 register (Rn2, 0 <n2 <7) 
01 register (Rn2, 0 <n2 <7) 
10 indirect (disp = 0, 1, IRO, IR1) 
11. indirect (disp = 0, 1, IRO, IR1) 


dst register (Rn, 0 <n< 7) 


Encoding 
31 15 87 0 


24 23 16 


Description The product of the dst? and src2 operands is loaded into the dst register. The 
src? and src2operands are assumed to be single-precision floating-point num- 
bers, and the dst operand is an extended-precision floating-point number. 


Cycles — 1 


Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF $1 if a floating-point underflow occurs, unchanged otherwise. 
LV 1 if a floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if a floating-point is overflow occurs, 0 otherwise. 
Cc Unaffected. 


Mode Bit OVM Operation is not affected by OVM bit value. 


10-109 


MPYF3 Multiply Floating-Point, 3-Operand 


TATA TITLE LES ISIE LE NLL LES LEAL ESLEL SADA LEEPER LLL DLILST LILES ll PSE LESLIE SL DOLLS LEADS OLE LE LEE LDL TEA TELLER L ALPE DELLE ALLE SEEAS SLEEP SLA ALEAL ELLE LAL SES SA ELENG LE SLEESATI DS TEELLEG. 


Example 1 MPYF'3 RO,R7,R1 
Before Instruction: 


RO = 057B400000h = 6.281250e + 01 

R7 = 0733C00000h = 1.79750e + 02 

Ri =0h 

LUF LV UF N ZV C=0 00000 0 


After Instruction: 


RO = 057B400000h = 6.281250e + 01 

R7 = 0733C00000h = 1.79750e + 02 

R1 = OD306A3000h = 1.12905469e + 04 

LUF LV UF NZ V C=0 0000 00 


Example 2 MPYF3 *+AR2(IRO),R7,R2 
or | 
MPYF3 R7,*+AR2(IRO),R2 


Before Instruction: 


AR2 = 809800h 

IRO = 12Ah 

R7 = 057B400000h = 6.281250e + 01 

R2 =0h 

Data at 80992Ah = 70C8000h = 1.4050e + 02 
LUFLV UENZVC=0 000000 


After Instruction: 


AR2 = 809800h 

IRO = 12Ah 

R7 = 057B400000h = 6.281250e + 01 

R2 = ODO9E4A000h = 8.82515625e + 03 

Data at 80992Ah = 70C8000h = 1.4050e + 02 

LUF LV UF NZV CzH=0 000000 


10-110 Assembly Language Instructions 


Operation 


Operands 


Encoding 


Description 


1 24 23 16 


SEERA RATES: Ss =3||ADDF3 


MPYF3 srcA, srcB, dst? 
|| .ADDF3 srcC, srcD, dst2 


srcA x srcB > dst1 
|| srcC + srcD > dst2 


srcA 
srcB Any two indirect (disp = 0,1,IR0,1R1) 
srcC Any two register (0< Rn <7) 


srcD 
dst1 register (1): 
0 = RO 
1=R1 
dst2 register (a2): 
0=R2 
1=R3 
src - register (Rn,O<n<7) 
src2 register (Rn,O<n<7) 
src3 indirect (disp = 0, 1, IRO, IR1) 
src4 indirect (disp = 0, 1, IRO, IR1) 
P parallel addressing modes (0 < P <3) 


Operation (P Field) 


00 src3 x src4, src? + src2 
01 src3 x src1, src4 + src2 
10 src1 x src2, src3 + src4 
11 src3 x src1, src2 + src4 


15 87 0 


| 


A floating-point multiplication and a floating-point addition are performed in 
parallel. All registers are read at the beginning and loaded at the end of the ex- 
ecute cycle. This means that if one of the parallel operations (MPYF3) reads 
from a register and the operation being performed in parallel (ADDF3) writes 
to the same register, then MPYF3 accepts as input the contents of the register 
before it is modified by the ADDF3. 


10-111 
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Any combination of addressing modes may be coded for the four possible 
source operands as long as two are coded as indirect and two are register. The 
assignment of the source operands srcA — srcDto the src1 — src4fields varies, 
depending on the combination of addressing modes used, and the P field is 
encoded accordingly. The assembler may, when not significant, change the or- 
der of operands in commutative operations in order to simplify processing. 


lf src2 and dst2 point to the same location, src2is read before the write to dst2. 


Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF (1 if a floating-point underflow occurs, unchanged otherwise. 
LV 1 if a floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 
N 0. 
Z 0. 
Vv 1 if a floating-point overflow occurs, 0 otherwise. 
C Unaffected. | 
Mode Bit OVM Operation is not affected by OVM bit value. 


Example MPYF3 *AR5++(1),*--AR1(IRO),RO 
: || ADDF3 R5,R7,R3 


Before Instruction: 


AR5 = 8098C5h 

AR1 = 8098A8h 

IRO = 4h 

RO =0h 

R5 = 0733C00000h = 1.79750e + 02 

R7 = 070C800000h = 1.4050e + 02 

R3 = 0h | 

Data at 8098C5h = 34C0000h = 1.2750e + 01 
Data at 8098A4h = 1110000h = 2.2500e + 00 

LUF LV UENZVC=0 000000 
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J inptannnennennannnganiegentannananespennteaneseeecececeeea cer ace 


After Instruction: 


AR5 = 8098C6h 

AR1 = 8098A4h | 

IRO = 4h 

RO = 0467180000h = 2.88867188e + 01 

R5 = 0733C00000h = 1.79750e + 02 

R7 = 070C800000h = 1.4050e + 02 

R3 = 0820200000h = 3.20250e + 02 

Data at 8098C5h = 34C0000h = 1.2750e + 01 
Data at 8098A4h = 1110000h = 2.2500e + 00 

LUF LV UF NZVC#0 000000 
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Syntax MPYF3  src2, src1, dst 
|| STF src3, dst2 


Operation sre x src2 > dst1 
|| src3— dst2 
Operands src7__register (Rn1,O0<n1 <7) 


src2_ indirect (disp = 0, 1, IRO, IR1) 
dst? register (Rn3, 0 <n3 < 7) 
src3_ register (Rn4,0 <n4<7) 
dst2 indirect (disp = 0, 1, IRO, 1R1) 


Encoding 
31 15 87 0 
11 


24 23 16 


Description A floating-point multiplication and a floating-point store are performed in paral- 
lel. All registers are read at the beginning and loaded at the end of the execute 
cycle. This means that if one of the parallel operations (MP YF3) writes to a reg- 
ister and the operation being performed in parallel (STF) reads from the same 
register, then the STF accepts as input the contents of the register before it is 
modified by the MPYF3. 


If src2 and dst2 point to the same location, then src2 is read before the write 
to dsi2. 


Cycles 1 


Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF $1 if a floating-point underflow occurs, 0 unchanged otherwise. 
LV 1 if a floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if a floating-point overflow occurs, 0 otherwise. 
C Unaffected. 


Mode Bit OVM Operation is not affected by OVM bit value. 


10-114 Assembly Language Instructions 


Example MPYF3 *-AR2(1),R7,RO 
| | STF R3, *ARO—-(IRO) 


Before Instruction: 


AR2 = 80982Bh 

R7 = 057B400000h = 6.281250e + 01 

RO = 0h 

R3 = 086B280000h = 4.7031250e + 02 

ARO = 809860h 

IRO = 8h 

Data at 80982Ah = 70C8000h = 1.4050e + 02 
Data at 809860h = Oh 

LUF LV UF NZV C=0 0000 0 0 


After Instruction: 


AR2 = 80982Bh 

R7 = 057B400000h = 6.281250e + 01 

RO = ODO9E4A000h = 8.82515625e + 03 

R3 = 086B280000h = 4.7031250e + 02 | 

ARO = 809858h 

IRO = 8h 

Data at 80982Ah = 70C8000h = 1.4050e + 02 

Data at 809860h = 86B280000h = 4.7031250e + 02 
LUF LV UF NZV C=0 0 00 0 0 0 
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Operation 


Operands 


Encoding 


Description 


10-116 


siatnnectsne oor ess shiiteavetstecnnnean sire belenoebtadeensoletedsuuangennentenntennny 


saeigegteeteanenteneiienecnnnenateeemnoatnnataenmenete 


MPYF3_ srcA, srcB, dst? 
|| SUBF3  srcC, srcD, dst2 


. SrcA x srcB — dsti 
[| srcD—-srcC > dst2 


srcA : 
srcB Any two indirect (disp = 0,1,IR0,IR1) 
srcC Any two register (0< Rn <7) 


srcD 
dst1 register (d7): 
0= RO 
1=R1 
dst2 register (a2): 
0=R2 
t=A3 * 
src register (Rn,O<n<7) 
src2 register (Rn,O<n<7) 
src3 indirect (disp = 0, 1, IRO, IR1) 
src4 indirect (disp = 0, 1, IRO, IR1) 
p parallel addressing modes (0 < P <3) 
Operation (P Field) 
00 src3 x src4, src1 — src2 
01 src3 x src1, src4 — src2 
10 src? x src2, stc3 — src4 
11 src3 x src1, src2 — src4 


31 24 23 16 15 87 0 


A floating-point multiplication and a floating-point subtraction are performed in 
parallel. All registers are read at the beginning and loaded at the end of the ex- 
ecute cycle. This means that if one of the parallel operations (MPYF3) reads 
from a register, and the operation being performed in parallel (SUBF3) writes 
to the same register, then MPYF3 accepts as input the contents of the register 
before it is modified by the SUBF3. 


Assembly Language Instructions 


ishrigngninsnissmaientengiiantisusnsnsasensenaeninaatiss 


Cycles 


Status Bits 


Mode Bit 


Example 


sscaediebeenarneceentereroeteatnaacatnaaciatatertaneatiarineanatiean et 
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| Any combination of addressing modes may be coded for the four possible 


source operands as long as two are coded as indirect and two are register. The 
assignmentof the source operands srcA — srcDto the src1 — src4fields varies, 
depending on the combination of addressing modes used, and the P field is 
encoded accordingly. The assembler may, when not significant, change the 
order of operands in commutative operations in order to simplify processing. 


1 


These condition flags are modified only if the destination register is R7 — RO. 


LUF (1 if a floating-point underflow occurs, unchanged otherwise. 
LV 1 if a floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 

N 0. 

Z C. 

V 1 if a floating-point overflow occurs, 0 otherwise. 

Cc Unaffected. 


OVM Operation is not affected by OVM bit value. 


MPYF3 R5,*++AR7(IR1),RO 
{| SUBF3 R7,*AR3-—(1),R2 
or 

MPYF3 *++AR7(IR1), R5,RO 
|| SUBF3 R7,*AR3——-(1),R2 


Before Instruction: 


R5 = 034C000000h = 1.2750e + 01 

AR7 = 809904h 

IR1 = 8h 

RO = 0h 

R7 = 0733C00000h = 1.79750e + 02 

AR3 = 8098B2h 

R2 =0h 

Data at 80990Ch = 1110000h = 2.250e + 00 

Data at 8098B2h = 70C8000h = 1.4050e + 02 

LUF LV UF NZ V C=0 0000 0 0 


10-117 


ne spaieisesss 


Se neat 


After Instruction: 


R5 = 034C000000h = 1.2750e + 01 

AR7 = 80990Ch . 

IR1 = 8h 

RO = 0467180000h = 2.88867188e + 01 

R7 = 0733C00000h = 1.79750e + 02 

ARS = 8098B1h 

R2 = 05E3000000h = — 3.9250e + 01 

Data at 80990Ch = 1110000h = 2.250e + 00 

Data at 8098B2h = 70C8000h = 1.4050e + 02 

LUF LV UF NZVC=0 0 00 0 0 0 
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Syntax 
Operation 


Operands 


Encoding 
3 


1 24 23 - 16 


MPYI src, dst 
dst x src > dst 


src general addressing modes (G): 
00 register (Rn, 0 <n< 27) 


01 direct 
10 indirect 
hel immediate 


dst register (Rn, 0 sn < 27) 


15 87 0 


jo 0 0| 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 


The product of the dstand src operands is loaded into the dstregister. The src 
and dst operands, when read, are assumed to be 24-bit signed integers. The 
result is assumed to be a 48-bit signed integer. The output to the dst register 
is the 32 least significant bits of the result. 


Integer overflow occurs when any of the most significant 16 bits of the 48-bit 
result differs from the most significant bit of the 32-bit output value. 


1 


These condition flags are modified only if the destination register is R7 — RO. 
LUF Unchanged. 


LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 

N 1 if a negative result is generated, 0 otherwise. 

Z 1 if a zero result is generated, 0 otherwise. 

V 1 if an integer overflow occurs, 0 otherwise. 

Cc Unaffected. 


OVM Operation is affected by OVM bit value. 
MPYI R1,R5 
Before Instruction: 


R1 = 000033C0251h = 3,392,081 
R5 = 000078B600h = 7,910,912 
LUF LV UF NZV C=0 0 00 0 0 0 


After Instruction: 


R1 = 000033C25ih = 3,392,081 
R5 = 00E21D9600h = — 501,377,536 
LUF LV UF NZV C=0 1 0101 0 
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Lee A em 


Multiply Integer, 3-Operand 


- es seeceintane ens 


Syntax MPYI3 src2, src1, dst 
Operation src? x src2 > dst 
Operands src? three-operand addressing modes (T): 
00 register (Rni, ni < 27) 
01 indirect (disp = 0, 1, IRO, IR1) 
10 register (Rn1,<ni<27) 
11 indirect (disp = 0, 1, IRO, IR1) 
src2 three-operand addressing modes (T): 
00 register (Rn2, < n2 < 27) 
01 register (Rn2, < n2 < 27) 
10 indirect (disp = 0, 1, IRO, IR1) 
11. indirect (disp = 0, 1, IRO, IR1) 
dst register (Rn, 0 <n < 27) 
Encoding 
31 24 23 16 15 87 0 
eoifooros ofr] io fw | we | 
Description The product of the src? and src2 operands is loaded into the dst register. The 
src1 and src2 operands are assumed to be 24-bit signed integers. The result 
is assumed to be a signed 48-bit integer. The output to the dst register is the 
32 least significant bits of the result. 
Integer overflow occurs when any of the most significant 16 bits of the 48-bit 
result differs from the most significant bit of the 32-bit output value. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unchanged. 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a Zero result is generated, 0 otherwise. 
V 1 if-an integer overflow occurs, 0 otherwise. 
Cc Unaffected. 
Mode Bit OVM Operation is affected by OVM bit value. 
10-120 Assembly Language Instructions 


Example 1 


Example 2 


asieisisesseseeinonennnunn nnn eee ooo eeepc erection gees pb bts tetinibictetvetsttvois side Sgt: 


MPYI3 *AR4,*-AR1(1),R2 
Before Instruction: 


AR4 = 809850h 

AR1 = 8098F3h 

R2 = 0h 

Data at 809850h = OADh = 173 

Data at 8098F2h = ODCh = 220 

LUF LV UF N ZV C=0 0 00000 


After Instruction: 


AR4 = 809850h 

AR1 = 8098F3h 

R2 = 094ACh = 38,060 > 

Data at 809850h = OADh = 173 

Data at 8098F2h = ODCh = 220 . 
LUF LV UF N ZV C=0 0000 0 0 


MPYI3 *-- AR4 (IRO),R2,R7 
Before Instruction: 


AR4 = 8099F8h 

IRO = 8h 

R2 = 0C8h = 200 

R7 = Oh 

Data at 8099F0h = 32h = 50 

LUF LV UF NZV C=0 000000 


After Instruction: 


AR4 = 8099F0h 

IRO = 8h 

R2 = OC8h = 200 

R7 = 02710h = 10,000 

Data at 8099F0h = 32h = 50 

LUF LV UF NZV C=0 000000 
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MPYIS||ADDIS Parallel MPYI3 and ADDIS 
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Syntax MPYI3 _ srcA, srcB, dst? 
|| ADDI3 — srcC, srcD, dst2 
Operation srcA x srcB > dst1 
|| sreD + sreC > dst2 
Operands 
srcA 
srcB Any two indirect (disp = 0,1,!R0,IR1) 
srcC Any two register (0 < Rn <7) 
srcD : 
dst1 register (d7): 
0=RO0 
1=Ri1 
dst2 register (a2): 
0=R2 
1=R3 
src register | (Rn, O<n<7) 
src2 register (Rn,O<n<7) 
src3 indirect (disp =0, 1, IRO, IR1) 
src4 indirect (disp = 0, 1, IRO, IR1) 
P parallel addressing modes (0< P< 3) 
Operation (P Field) 
00 src3 x src4, src1 + src2 
01 src3 x src1, src4 + src2 
10 srci x src2, src3 + src4 
11 src3 x src1, src2 + src4 
Encoding 
31 24 23 1615 87 0 
foo] + bl [ee | ee 
Description An integer multiplication and an integer addition are performed in parallel. All 


registers are read at the beginning and loaded at the end of the execute cycle. 
This means that if one of the parallel operations (MPYI3) reads from a register 
and the operation being performed in parallel (ADDI3) writes to the same regis- 
ter, then MPYI3 accepts as input the contents of the register before it is modi- 
fied by the ADDIS. 


10-122 Assembly Language Instructions 


Any combination of addressing modes may be coded for the four possible 
source operands as long as two are coded as indirect and two are register. The 
assignment of the source operands srcA — srcDto the src1 — src4fields varies, 
depending on the combination of addressing modes used, and the P field is 
encoded accordingly. The assembler may, when not significant, change the or- 
der of operands in commutative operations in order to simplify processing. 


Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unchanged. 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N 0. 
Z 0. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc Unaffected. 
Mode Bit OVM Operation is affected by OVM bit value. 
Example MPYI3 R7,R4,RO 


|| ADDI3 *-AR3,*AR5——(1),R3 
Before Instruction: 


R7 = 14h = 20 
R4 = 64h = 100 
RO = 0h . 
AR3 = 80981Fh 
AR5 = 80996Eh 
R3 = 0h 
. Data at 80981Eh = OFFFFFFCBh = — 53 
Data at 80996Eh = 35h = 53 
LUF LV UF NZV C=0 000000 


After Instruction: 


R7 = 14h = 20 

R4 = 64h = 100 

RO = 07D0h = 2000 

ARS = 80981Fh 

ARS = 80996Dh 

R3 = 0h 

Data at 80981Eh = OFFFFFFCBh = — 53 

Data at 80996Eh = 35h = 53 

LUF LV UF NZV C=0 000000 
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MPYISIISTI Parallel MPYIS and STIS 
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Syntax MPYI3 — src2, src1, dst1 
|| STI src3, dst2 


Operation src1 x src2 — dst1 
| src3 — dst2 


Operands src1_ register (Rn1,0<n1 <7) 
src2__ indirect (disp = 0, 1, IRO, IR1) 
dst? register (Rn3, 0 <n3 <7) 
src3_ register (Rn4, 0 <n4 <7) 
dst2 indirect (disp = 0, 1, IRO, IR1) 


31 24 23 16 15 87 0 


Description An integer multiplication and an integer store are performed in parallel. All reg- 
isters are read at the beginning and loaded at the end of the execute cycle. This 
means that if one of the parallel operations (STI) reads from a register and the 

operation being performed in parallel (MPYI3) writes to the same register, then 
STI accepts as input the contents of the register before it is modified by the 
MPYI3. 


Encoding 


lf src2 and dst2 point to the same location, src2is read before the write to dst2. 


Integer overflow occurs when any of the most significant 16 bits of the 48-bit 
result differs from the most significant bit of the 32-bit output value. 


Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unchanged. 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc Unaffected. 
Mode Bit OVM Operation is affected by OVM bit value. 
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Example 


MPYI3 *++ARO(1),R5,R7 
Riese: R2, *-AR3 (1) 


Before Instruction: 


ARO = 80995Ah 

R5 = 32h = 50 

R7 = 0h 

R2 = ODCh = 220 

AR3 = 80982Fh 

Data at 80995Bh = 0C8h = 200 

Data at 80982Eh = Oh 

LUF LV UF NZVCH=0 0 00000 


After Instruction: 


ARO = 80995Bh 

R5 = 32h = 50 

R7 = 2710h = 10000 

R2 = 0DCh = 220 

AR3 = 80982Fh : 

Data at 80995Bh = 0C8h = 200 

Data at 80982Eh = ODCh = 220 

LUF LV UF NZVC=0 000000 
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Syntax 


Operation 


Operands 


Encoding 


Description 
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MPYI3 srcA, srcB, dst1 
|| SUBI3 srcC, srcD, dst2 


srcA x srcB > dst1 


|| srcD-srcC > dst2 


srcA 


srcB Any two indirect (disp = 0,1,IR0,IR1) 
srcC Any two register (0 < Rn <7) 


srcD 
dst1 register (7): 
0= RO 
1=Ri1 
dst2 register (d2): 
0 =R2 
1=R3 
src1 register (Rn,O<n<7) 
src2 register (Rn,O<n</7) 
src3 indirect (disp = 0, 1, IRO, 1R1) 
src4 indirect (disp =0, 1, IRO, IR1) 
P parallel addressing modes (0 < P< 3) 


Operation (P Field) 


00 
01 
10 
11 


3 


1 24 23 16 


src3 x src4, src1 —src2 
src3 x src1, src4 —src2 
src? x src2, src3 — src4 
src3 x src1, src2 — src4 


15 87 ce) 


An integer multiplication and an integer subtraction are performed in parallel. 
All registers are read at the beginning and loaded at the end of the execute 
cycle. This means that if one of the parallel operations (MPYI3) reads from a 
register and the operation being performed in parallel (SUBI3) writes to the 
same register, then MPYI3 accepts as input the contents of the register before 
it is modified by the SUBIS3. 


Assembly Language Instructions 


_.Parallel MPY13 and SUBI3..- MPYI3||SUBI3 
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Any combination of addressing modes may be coded for the four possible 
source operands as long as two are coded as indirect and two are register. The 
assignment ofthe source operands srcA — srcDto the src1 — src4fields varies, 
depending on the combination of addressing modes used, and the P field is 
encoded accordingly. The assembler may, when not significant, change the or- 
der of operands in commutative operations in order to simplify processing. 


Integer overflow occurs when any of the most significant 16 bits of the 48-bit 
result differs from the most significant bit of the 32-bit output value. 


Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unchanged. 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 1 if an integer underflow occurs, 0 otherwise. 
N 0. 
Z 0. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc Unaffected. 
Mode Bit OVM Operation is affected by OVM bit value. 
Example MPYI3 R2,*++AR0(1),RO 
|| SUBI3 *AR5--(IR1),R4,R2 
or 


MPYI3 *++ARO(1),R2,RO0 
|| SUBI3 *AR5--(IR1),R4,R2 


Before Instruction: 


R2 = 32h = 50 

ARO = 8098E3h 

RO=0h ~ 

AR5 = 8099FCh 

IR1 =O0Ch 

R4 = 07D0h = 2000 

Data at 8098E4h = 62h = 98 

Data at 8099FCh = 4BOh = 1200 

LUF LV UF N ZV Cz=0 0 000 0 0 
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After Instruction: 


R2 = 320h = 800 

ARO = 8098E4h 

RO = 01324h = 4900 

AR5 = 8099F0h 

IR1 =0Ch 

R4 = 07D0h = 2000 

Data at 8098E4h = 62h = 98 
Data at 8099FCh = 4B0h = 1200 


LUF LV UF NZVC=0 000000 
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Syntax 


Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 


24 23 16 


NEGB sre, dst 
0-—src—C > dst 


src general addressing modes (G): 
00 register (Rn, O<n< 27) 
01 direct 
10 indirect 
11 immediate 


dst register (Rn, O0<n< 27) 


15 87 0 


The difference of the 0, src, and C operands is loaded into the dstregister. The 
dst and src are assumed to be signed integers. 


1 


These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 


LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 

N 1 if a negative result is generated, 0 otherwise. 

Z 1 if a zero result is generated, O otherwise. 

V 1 if an integer overflow occurs, 0 otherwise. 

C 1 if a borrow occurs, 0 otherwise. 


OVM Operation is affected by OVM bit value. 
NEGB R5,R7 
Before Instruction: — 


R5 = OFFFFFFCBh = — 53 
R7 = 0h 
LUF LV UF NZVC=0 00000 1 


After Instruction: 


ho = O0FFFFFFOBA==53 
R7 = 34h = 52 
EOP IY OF aN. 2M eG a0 202 053000: Os 4 


10-129 


Syntax 
Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 
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24 23 16 


NEGF src, dst 


0-src— dst 


src general addressing modes (GQ): 
00 register (Rn, 0 <n<7) 
01 ~ direct 
10 — indirect 
11 immediate 


dst register (Rn, O<n<7) 


15 87 0 


The difference of the 0 and src operands is loaded into the dst register. The 
dst and src operands are assumed to be floating-point numbers. 


1 


These condition flags are modified only if the destination register is R7 — RO. 
LUF 1 if a floating-point underflow occurs, unchanged otherwise. 

LV 1 if a floating-point overflow occurs, unchanged otherwise. 

UF 1 if a floating-point underflow occurs, 0 otherwise. 

N 1 if a negative result is generated, 0 otherwise. 

Z 1 if a zero result is generated, 0 otherwise. 

V 1 if a floating-point overflow occurs, 0 otherwise. 

Cc Unaffected. 


OVM Operation is not affected by OVM bit value. 
NEGF *++AR3(2),R1 
Before Instruction: 


AR3 = 809800h 

R1 = 057B400025h = 6.28125006e + 01 

Data at 809802h = 70C8000h = 1.4050e + 02 

LUF LV UF NZV C=0 0 00 000 


Afier Instruction: . 


ARS = 809802h 

R1 = 07F3800000h = —1.4050e + 02 

Data at 809802h = 70C8000h = 1.4050e + 02 

LUF LV UF N ZV C=0 0 00 0 00 
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Syntax NEGF src2, dst1 
|| STF — src3, dst2 


Operation 0—src2 > dst! 
| src3— dst2 
Operands src2_ indirect (disp = 0, 1, IRO, IR1) 


dst? register (Rni, 0 <n1 <7) 
src3_ register (Rn2, 0 <n2 <7) 
dst2 indirect (disp = 0, 1, IRO, IR1) 


Encoding 
31 24 23 16 15 87 0 
sfrooos| au foo of veo] ae | see 
Description A floating-point negation and a floating-point store are performed in parallel. 
All registers are read at the beginning and loaded at the end of the execute 
cycle. This means that if one of the parallel operations (STF) reads from areg- 
ister and the operation being performed in parallel (NEGF) writes to the same 
register, then STF accepts as input the contents of the register before it is modi- 
fied by the NEGF. 
lf src2 and dst2 point to the same location, src2is read before the write to dsi2. 
Cycles 1 
_ Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF 1 if a floating-point underflow occurs, 0 unchanged otherwise. 
LV 1 if a floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if a floating-point overflow occurs, 0 otherwise. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
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Example 


10-132 


PLETE 


NEGF *AR4——-(1),R7 
|| STE R2, *++AR5 (1) 


Before Instruction: 


AR4 = 8098E1h 

R7 =Oh 

R2 = 0733C00000h = 1.79750e + 02 

AR5 = 809803h 

Data at 8098E1h = 57B400000h = 6.281250e + 01 
Data at 809804h = Oh 

LUF LV UF N ZV C=0 0 00 0 0 0 


A fter Instruction: 


AR4 = 8098E0h 

R7 = 0584C00000h = — 6.281250e + 01 

R2 = 0733C00000h = 1.79750e + 02 

ARS5 = 809804h 

Data at 8098E1h = 57B4000h = 6.281250e + 01 
Data at 809804h = 733C000h = 1.79750e + 02 
LUF LV UF N ZV C=0 0000 0 0 
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Syntax 


Operation 


Operands 


Encoding 
31 


24 23 16 


NEGI src, dst 
0-src— dst 


src general addressing modes (G): 
00 register (Rn, 0 <n< 27) 
01 direct 
10 indirect 
11 immediate 


dst register (Rn, O<n< 27) 


15 87 0 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 


The difference of the 0 and srcoperands is loaded into the dstregister. The dst 
and src operands are assumed to be signed integers. 


1 


These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 


LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. | 

N 1 if a negative result is generated, 0 otherwise. 

Z 1 if a zero result is generated, 0 otherwise. 

V 1 if an integer overflow occurs, 0 otherwise. 

Cc 1 if a borrow occurs, 0 otherwise. 


OVM Operation is affected by OVM bit value. 
NEGI 174,R5 (174 = OAEh) 
Before Instruction: 


R5 = 0DCh = 220 
LUF lV UF N ZV C=0 0 000 00 


After Instruction: 


R5 = OFFFFFF52 = —-174 
LUF LV UF NZV C=0 001001 
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tbetou teal 
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Syntax NEGI = src2, dst1 
|| ST src3, dst2 
Operation 0 —src2 > dsti 
| src3— dst2 
Operands src2__ indirect (disp = 0, 1, IRO, IR1) 
dst? register (Rn1,0<n1 <7) 
src3_ register (Rn2, 0 < n2 <7) 
dst2 indirect (disp = 0, 1, IRO, IR1) 
Encoding 
31 24 23 1615 87 0 
epee rel on [rf ve |e 
Description Aninteger negation and an integer store are performed in parallel. All registers 
are read at the beginning and loaded at the end of the execute cycle. This 
means that if one of the parallel operations (STI) reads from a register and the 
operation being performed in parallel (NEGI) writes to the same register, then 
STI accepts as input the contents of the register before it is modified by the 
NEGI. 
lf src2 and dst2 point to the same location, src2 is read before the write to dst2. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc 1 if a borrow occurs, 0 otherwise. 
Mode Bit OVM Operation is affected by OVM bit value. 
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Example NEGI *-AR3,R2 - 
|| STI R2,*AR1L++ 


Before Instruction: 


AR3 = 80982Fh 

R2=19h=25 

AR1 = 8098A5h 

Data at 80982Eh = ODCh = 220 

Data at 8098A5h = Oh 

LUF. LV UF NZVC=0 000000 


After Instruction: 


AR3 = 80982Fh 
R2 = OFFFFFF24h = — 220 
AR1=8098A6h | 
Data at 80982Eh = ODCh = 220 
_ Data at 8098A5h = 19h = 25 
LUE LV UF NZVC=0 001001 
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Syntax NOP src 
Operation No ALU or multiplier operations. 


ARn is modified if src is specified in indirect mode. 


Operands - src general addressing modes (G): 
00 register (no operation) 
10 __ indirect (modify ARn, 0 <n <7) 


Encoding 
oh 15 87 0) 


24 23 16 
Jooofo1 1004] aloo 000 src . 


Description If the src operand is specified in the indirect mode, the specified addressing 
operation is performed and a dummy memory read occurs. If the src operand 
is omitted, no operation is performed. 


Cycles 1 


Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Z Unaffected. 
V. Unaffected. 
Cc Unaffected. 


Mode Bit OVM Operation is not affected by OVM bit value. 
Example 1 NOP 

Before Instruction: 

PC = 3Ah 

After Instruction: 

PC = 3Bh 
Example 2 NOP *AR3--(1) 

Before Instruction: 


PC = Sh: 
AR3 = 809900h 


After Instruction: 
PC =6h 
AR3 = 8098FFh 
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Syntax NORM src, dst 


Operation norm (src) > dst 
Operands src general addressing modes (G): 
00 register (Rn, O<n</7) 
01 direct 
10 — indirect 
11 immediate 
Encoding 
31 24 23 1615 87 0 
Fe EEN : 

Description The srcoperand is assumed to be an unnormalized floating-point number; i.e., 
the implied bit is set equal to the sign bit. The dst is set equal to the normalized 
src operand with the implied bit removed. The dst operand exponent is set to 
the src operand exponent minus the size of the left-shift necessary to normal- 
ize the src. The dstoperand is assumed to be a normalized floating-point num 
ber. 
If src (exp) =—128 and src (man) =0, then dst=0, Z=1, and UF =0. If src (exp) 
= —128 and src (man) #0, then dst=0, Z=0, and UF = 1. For.all other cases 
of the src, if a floating-point underflow occurs, then dst (man) is forced to 0 and 
dst (exp) = —128. If src (man) = 0, then dst (man) =0 and dst (exp) =—128. Re- 
fer to Section 4.6. 

Cycles 1 

Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF $1 if a floating-point underflow occurs, unchanged otherwise. 

LV Unaffected. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 0. 
Cc Unaffected. | 
Mode Bit OVM Operation is not affected by OVM bit value. 
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Example 


10-138 - 


NORM R1,R2 
Before Instruction: 


Ri = 0400003AF5h 
R2 = 070C800000h 
LUF LV UF NZVC=0 000000 


After Instruction: 


R1 = 0400003AF5h 
R2 = F26BD40000h = 1.12451613e — 04 
LUF LV UF NZV C=0 0000 0 0 
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Syntax 
Operation 


Operands 


Encoding 
31 


24 23 16 


NOT sre, dst 
~src > dst 


src general addressing modes (G): 
00 register (Rn, 0 <n< 27) 
01 direct 
10 — indirect 
11 immediate 


dst register (Rn, 0 <n < 27) 


15 87 fe) 


Description 


Cycles 


Siatus Bits 


Mode Bit 


Example 


The bitwise logical-complement of the src operand is loaded into the dstregis- 
ter. The complement is formed by a logical-NOT of each bit of the src operand. 
The dst and src operands are assumed to be unsigned integers. 


1 


These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 


UF 0. 

N MSB of the output. 

Z 1 if a zero result is generated, 0 otherwise. 
V 0. 

Cc Unaffected. 


OVM Operation is affected by OVM bit value. 
NOT @982Ch,R4 
Before Instruction: 


DP = 80h 

R4=0h 

Data at 80982Ch = 5E2Fh 

LUF LV UF N ZV C=0 000000 


After Instruction: 


DP = 80h 

R4 = OFFFFA1D0h 

Data at 80982Ch = 5E2Fh 
LUF LV UF NZV C=0 0031000 
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hehe PLS Rod ieee sheet ecard aes iiatieleom 
Syntax NOT — src2, dst? 
|} STI src3, dst2 
Operation ~src2 — dst 
\| src3— dst2 
Operands src2__ indirect (disp = 0, 1, IRO, IR1) 
dst? register (Rn1,0<n1 <7) 
src3_ register (Rn2, 0 < n2 <7) 
dst2 indirect (disp = 0, 1, IRO, IR1) 
Encoding 
31 24 23 1615 87 0 
eee] ww [eof ve [ae ee 
Description A bitwise logical-NOT and an integer store are performed in parallel. All regis- 
ters are read at the beginning and loaded at the end of the execute cycle. This 
means that if one of the parallel operations (STI) reads from a register and the 
operation being performed in parallel (NOT) writes to the same register, then 
STI accepts as input the contents of the register before it is modified by the 
NOT. 
If src2. and dst2 point to the same location, src2is read before the write to dsi2. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. | 
N MSB of the output. 
Z 1 if a zero result is generated, 0 otherwise. 
V 0. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
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Example > NOT *+AR2,R3 
| | STI R7,*-—— AR4(IR1) 


Before Instruction: 


AR2 = 8099CBh 

R3 =0h 

R7 = 0DCh = 220 

AR4 = 809850h 

IR1 =10h 

Data at 8099CCh = 0C2Fh 

Data at 809840h = Oh 

LUF LV UF NZV C=0 000000 


After Instruction: 


AR2 = 8099CBh 

R3 = OFFFFF3D0h 

R7 = 0DCh = 220 

AR4 = 809840h 

IR1 = 10h 

Data at 8099CCh = 0C2Fh 

Data at 809840h = ODCh = 220 

LUF LV UF NZVC=+=0 001000 
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Syntax OR src, dst 


Operation dst OR src > dst 

Operands src general addressing modes (G): 
00 register (Rn, 0 <n< 27) 
01 ~~ direct 


10 — indirect 
11 immediate (not sign-extended) 


dst register (Rn, 0 <n < 27) 


Encoding 
31 15 87 0 


24 23 16 


Description The bitwise logical OR between the src and dst operands is loaded into the dst 
register. The dst and src operands are assumed to be unsigned integers. 


Cycles 1 


Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N MSB of the output. 
Z 1 if a zero result is generated, 0 otherwise. 
V 0. 
Cc Unaffected. 


Mode Bit OVM Operation is not affected by OVM bit value. 
Example OR *++ARI1 (IR1),R2 
Before Instruction: 


AR1 = 809800h 

IR1 = 4h 

R2 = 012560000h 

Data at 809804h = 2BCDh 


LUF LV UF N ZV C=0 000000 
After Instruction: 


AR1 = 809804h 

IR1 = 4h 

R2 = 012562BCDh 

Data at 809804h = 2BCDh 

LUF LV UF NZVC=0 0000 0 0 


40-142 . . Assembly Language Instructions 


Syntax OR3 src2, src1, dst 


Operation src1 OR src2 > dst 
Operands src? three-operand addressing modes (T): 
00 register (Rn1,0 n1<27) 


01 indirect 
10 register 
11 indirect 


= 


disp = 0, 1, IRO, IR1) 
Rn1,0<ni <27) 
disp = 0, 1, IRO, IR1) 


—__— 


src2 three-operand addressing modes (T): 
00 register (Rn2, 0 <n2 < 27) 
01 register (Rn2, 0 <n2< 27) 
10 indirect (disp = 0, 1, IRO, IR1) 
11. indirect (disp = 0, 1, IRO, IR1) 


dst register (Rn, 0 <n < 27) 


Encoding 
31 24 23 16 15 87 0 
Se One Eon id ae a I 
Description The bitwise logical-OR between the src? and src2 operands is loaded into the 
dstregister. The src7, src2, and dstoperands are assumed to be unsigned inte- 
gers. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N MSB of the output. 
Z 1 if a zero result is generated, 0 otherwise. 
V 0. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
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Example 


10-144 


OR3 *++AR1(IR1),R2,R7 
Before Instruction: 


AR1 = 809800h 

IR1 =4h 

R2 = 012560000h 

R7 = 0h | 

Data at 809804h = 2BCDh 

LUF LV UF N ZV C=0 0 00 0 0 0 


After Instruction: 


AR1 = 809804h 

IR1 =4h 

R2 = 012560000h 

R7 = 012562BCDh 

Data at 809804h = 2BCDh 

LUF LV UF NZV Cz=0 000 0 0 0 
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Syntax 


Operation 


Operands 


Encoding 


Cycles 


Status Bits 


Mode Bit 


OR3_ src2, src1, dst 
sre? OR src2 > dst7 


src? register (Rn1, 0 <n1 <7) 
$rc2 indirect (disp = 0, 1, IRO, IR1) 
Rn2,0<n2<7) 
Rn3,0<n3 <7) 
dsi2 indirect (disp = 0, 1, IRO, IR1) 


1 24 23 16 8 0 


A bitwise logical-OR and an integer store are performed in parallel. All registers 
are read at the beginning and loaded at the end of the execute cycle. This 
means that if one of the parallel operations (STI) reads from a register and the 
operation being performed in parallel (OR3) writes to the same register, then 
STI accepts as input the contents of the register before it is modified by the 


If src2 and dst2 point to the same location, src2is read before the write to dst2. 


These condition flags are modified only if the destination register is R7 — RO. 


MSB of the output. 
1 if a zero result is generated, 0 otherwise. 


OVM Operation is not affected by OVM bit value. 
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Example OR3 *++AR2,R5,R2 
|| STI R6, *AR1-—- 


Before Instruction: 


AR2 = 809830h 

R5 = 800000h 

R2 =0h 

R6 = ODCh = 220 

AR1 = 809883h 

Data at 809831h = 9800h 

Data at 809883h = Oh 

LUF LV UF NZ V C=0 0 00 0 00 


After Instruction: 


AR2 = 809831h 

R5 = 800000h 

R2 = 809800h 

R6 = ODCh = 220 

AR1 = 809882h 

Data at 809831h = 9800h 

Data at 809883h = ODCh = 220 

LUF LV UF NZV C=0 0 00 0 0 0 
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Syntax POP dst 
Operation *SP—--— dst 
Operands dst register (Rn, 0< n< 27) 
Encoding ; 
31 24 23 16 15 87 0 
BNE BAtlas oe Bac HSNnEnAnnennes 
Description The top of the current system stack is popped and loaded into the dst register 


(32 LSBs). The top of the stack is assumed to be a signed integer. The POP 
is performed with a postdecrement of the stack pointer. The exponent bits of 
an extended precision register (R7—RO) are left unmodified. 


Cycles 1 


Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF ~— Unaffected. 
LV Unaffected. 


UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 0. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example POP R3 


Before Instruction: 


SP = 809856h 

R3 = 012DAh = 4,826 

Data at 809856h = OFFFFODASh = — 62,044 

LUF LV UF N ZV C=0 0 00 00 0 


After Instruction: 


SP = 809855h 

R3 = OFFFFODASh = -62,044 

Data at 809856h = OFFFFODA4h = — 62,044 

LUF LV UF N ZV C=0 0 01 0 0 0 
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Syntax 
, Operation 
Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 
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‘POPF ast 
*SP—-— dsti 


dst register (Rn, O<n< 7) 


31 24 23 1615 87 0 
fooofor 110 s{o1/ dt foocos00000000000 


The top of the current system stack is popped and loaded into the dst register 
(32 MSBs). The top of the stack is assumed to be a floating-point number. The 
POP is performed with a postdecrement of the stack pointer. The 8 LSBs of 
an extended precision register (R7—RO) are zero filled. 


a 


These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. . 


UF 0. 

LV Unaffected. 

N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a Zero result is generated, 0 otherwise. 

V 0 


Cc Unaffected. 
OVM Operation is not affected by OVM bit value. 


POPF R4 
Before Instruction: 


SP = 80984Ah 

R4 = 025D2E0123h = 6.91186578e + 00 

Data at 80984Ah = 5F2C1302h = 5.32544007e + 28 
LUF LV UF N ZV C=0 0 00 00 0 


After Instruction: 


SP = 809849h 

R4 = 5F2C130200h = 5.32544007e + 28 

Data at 80984Ah = 5F201302h = 5.32544007e + 28 
LUF LV UF N ZV C=#=0 0 000 0 0 


Assembly Language Instructions 


Syntax 
Operation 
Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 
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PUSH src 
src > *4++SP 


src register (Rn, 0 <n < 27) 


24 23 16 15 87 0 
foo ojos 1+1ofo4] se |ooo0000000000006 


The contents of the src register (832 LSBs) are pushed on the current system 
stack. The srcis assumed to be a signed integer. The PUSH is performed with 
a preincrement of the stack pointer. The integer or mantissa portion of an ex- 
tended precision register (R7—RO) is saved with this instruction. 


LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 


N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected: 


OVM Operation is not affected by OVM bit value. 


PUSH R6 


Before Instruction: 


SP = 8098AEh 

R6 = 815Bh = 33,115 

Data at 8098AFh = Oh 

LUF LV UF N ZV C=0 0 000 0 0 


After Instruction: 


SP = 8098AFh 

R6 = 815Bh = 33,115 

Data at 8098AFh = 815Bh = 33,115 

LUF LV UF N ZV -C=0 0 0°00 0 0 


10-149 


anti naniisaateasengeennentasrsee Hanah CEASA ALE LESSEE SELES EES ESET ESSE SES IEEE ESSE SSSI ET EESESSEESSEED LESSER SEEN EELS ESETSSSIEOS SERIES SELENE ENNSLEDISEA LESSENS SERE SENSES SESE SSSSEESTEISS 


Syntax PUSHF src 
Operation SiC + *+4+SP 
Operands src register (Rn, 0 <n<7) 
Encoding - 
87 0 
DS Minne Oi] Ras Dnnnnnnnn nnn 
Description The contents of the src register (32 MSBs) are pushed on the current system 


stack. The src is assumed to be a floating-point number. The PUSH is per- 
formed with a preincrement of the stack pointer. The 8 LSBs of the mantissa 
are not saved. (Note the difference in R2 and the value on the stack in the ex- 
ample below.) 


Cycles 1 


Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 


N Unaffected. 

Z Unaffected. 

V Unaffected. 

Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example PUSHF R2 


Before Instruction: 


SP = 809801h 

R2 = 025C128081h = 6.87725854e + 00 

Data at 809802h = Oh 

LUF LV UF NZVC=0 0000 00 


After Instruction: 


SP = 809802h 

R2 = 025C0128081h = 6.87725854e + 00 

Data at 809802h = 025C1280h = 6.87725830e + 00 
LUF LV UF N ZV C=0 0 00 0 0 0 
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Syntax RETIcond 
Operation If cond is true: 
*SP --— PC 


1 —» ST (GIE). 


Else, continue. 


Operands None 
Encoding | 
31 24 23 1615 87 0 
011 11/0000/00) cand fooo0000000000000 
Description A conditional return is performed. If the condition is true, the top of the stack 


is popped to the PC, and 1 is written to the global interrupt enable (GIE) bit of 
the status register. This has the effect of enabling all interrupts for which the 
corresponding interrupt enable bit is a 1. 


The TMS320C3x provides 20 condition codes that can be used with this in- 
struction (see Section 10.2 for a list of condition mnemonics, encoding, and 
flags). Condition flags are set on a previous instruction only when the destina- 
tion register is one of the extended-precision registers (R7—RO) or when one 
of the compare instructions (CMPF, CMPF3, CMPI, CMPI3, TSTB, or TSTB3) 
is executed. 


Cycles 4 


Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 


N Unaffected. 
Z Unaffected. 
V Unaffected. 
C Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
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Example RETINZ 
Before Instruction: 


PC = 456h 

SP = 809830h 

ST =0Oh 

Data at 809830h = 123h 

LUF LV UF N ZV C=0 0 00 00 0 


After Instruction: 


PC = 123h 

SP = 80982Fh 

ST = 2000h 

Data at 809830h = 123h 

LUF LV UF N ZV C=0 0000 00 
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Syntax 


Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 
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RETScond 


If cond is true: 
*SP=—2s PC, 
Else, continue. 


None 


31 24 23 16 15 87 0 
0114 rifoo01J00| cond fooos000000000000 


A conditional return is performed. If the condition is true, the top of the stack 
is popped to the PC. 


The TMS320C3x provides 20 condition codes that can be used with this in- 
struction (see Section 10.2 for a list of condition mnemonics, encoding, and 
flags). Condition flags are set on a previous instruction only when the destina- 
tion register is one of the extended-precision registers (R7—RO) or when one 
of the compare instructions (CMPF, CMPF3, CMPI, CMPI3, TSTB, or TSTB3) 
is executed. 


LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 


N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 


OVM Operation is not affected by OVM bit value. 
RETSGE 
Before Instruction: 


PC = 123h 

SP = 80983Ch 

Data at 80983Ch = 456h 

LUF LV UF N ZV C=0 000 00 0 


After Instruction: 


PC = 456h 

SP = 80983Bh 

Data at 80983Ch = 456h 

LUF LV UF N ZV C=0 000000 
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Syntax — RND src, dst 


Operation . rnd(src) — ast 

Operands src general addressing modes (G): 
00 register (Rn, 0 <n<7) 
01 direct 
10 — indirect 


11 immediate 
dst register (Rn, O<n</7) 


Encoding 


31 24 23 16 15 87 _. 0 


Description The result of rounding the src operand is loaded into the dst register. The src 
operand is rounded to the nearest single-precision floating-point value. If the 
sre operand is exactly half-way between two single-precision values, it is 
rounded to the most positive of those values. 


Cycles - 1 


Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF 1 if a floating-point underflow occurs, unchanged otherwise. 
LV 1 if a floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if a floating-point overflow occurs, 0 otherwise. 
Cc Unaffected. 


Mode Bit , OVM Operation is affected by OVM bit value. 
Example RND R5,R2 

Before Instruction: 

R5 = 0733C16EEFh = 1.79755599e + 02 

R2 =0Oh 

LUF LV UF N ZV C=0 000000 


After Instruction: 


R5 = 0733C16EEFh = 1.79755599e + 02 
R2 = 0733C16F00h = 1.79755600e + 02 
LUF LV UF NZVC=0 0 000 0 0 


10-154 Assembly Language Instructions 


SNERGERNNB MEATUS een a INTRANET PNT OST TSTMS aT aN tT CANES UNSSC ONES CONC RI EO TEE LENE RE ELLER SEE DEE ALLE ASRS ! 


. Syntax ROL dst 
Operation dst left-rotated 1 bit > dst 
Operands dst register (Rn, O<n<27) 
Encoding 
31 24 23 1615 87 0 
ee oprew erp i] a [eee eee e eee ee eee 
Description The contents of the dst operand are left-rotated one bit and loaded into the 


dst register. This is a circular rotate with the MSB transferred into the LSB. 


Rotate left: 


Cycles 1 


Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 


UF 0. 

N MSB of the output. 

Z 1 if a zero output is generated, 0 otherwise. 

V 0. 

C Set to the value of the bit rotated out of the high-order bit. Unaffected 

_ if dstis not R7 — RO. 

Mode Bit OVM Operation is not affected by OVM bit value. 
Example ROL R3 


Before Instruction: 


R3 = 80025CD4h 
LUF LV UF N ZV C=0 0 00 000 


After Instruction: 


R3 = 0004B9A9h 
LUF LV UF NZVC=#=0 000001 
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Syntax ROLC dst 
Operation dst left-rotated 1 bit through carry bit — dst 
Operands dst register (Rn, O<n< 27) 
Encoding 
31 24 23 1615 87 0 
BOS ROnnn ni Mii Ronnies 
Description The contents of the dst operand are left-rotated one bit through the carry bit 


and loaded into the dstregister. The MSB is rotated to the carry bit, at the same 
time the carry bit is transferred to the LSB. 


Rotate left through carry bit: . 


ee 


Cycles 1 


Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 


UF 0. 

N MSB of the output. 

Z 1 if a zero output is generated, 0 otherwise. 

V 0. 

Cc Set to the value of the bit rotated out of the high-order bit. If dstis not 


R7 — RO, then C is shifted into the dst but not changed. 
Mode Bit OVM Operation is not affected by OVM bit value. 


Example 1 ROLC R3 
Before Instruction: 


R3 = 00000420h 
LUF LV UF NZVC=#=0 0 00 0 0 1 


After Instruction: 


R3 = 000000841h . 
LUF LV UF NZV C=0 0 00000 
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Example 2 : ROLC R3 
Before Instruction: 


R3 = 80004281h 
LUF LV UF NZV C=0 000000 


After Instruction: 


R3 = 00008502h 
LUF LV UF NZV C=0 0 00 0 0 1 
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ROR | Rotate Right 
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Syntax ROR ast 
Operation dst right-rotated 1 bit through carry bit > dst 
Operands dst register (Rn, 0 <n < 27) 
. Encoding 
31 24 23 1615 87 0 
ANd NOONE fil Bee nonnnnnnnnnnnnn 
Description The contents of the dst operand are right-rotated one bit and loaded into the 
dst register. The LSB is rotated into the carry bit and also transferred into the 
MSB. 


Rotate right: 


aaa 


Cycles 1 


Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N MSB of the output. 
Z 1 if a Zero output is generated, 0 otherwise. 
V 0. 
C Set to the value of the bit rotated out of the high-order bit. Unatiected 
if dstis not R7 — RO. 


Mode Bit OVM Operation is not affected by OVM bit value. 
Example ROR R7 
Before Instruction: 


R7 = 00000421h 
LUF LV UF NZV C=0 000000 


After Instruction: 


R7 = 80000210h 
LUF LV UF N ZV C=0 0 010 0 1 
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Syntax RORC dst . 
Operation dst right-rotated 1 bit through carry bit - dst 
Operands dst register (Rn, 0 <n< 27) 
Encoding 
31 __24 23 16 15 87 0 


10014 0(141 


Description The contents of the dstoperand are right-rotated one bit through the status reg- 
ister’s carry bit. This could be viewed as a 33-bit shift. The carry bit value is ro- 
tated into the MSB of the dst, while at the same time, the dstLSB is rotated into 
the carry bit. 


Rotate right through carry bit: 


oe 


Cycles 1 


Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 


UF 0. 
N MSB of the output. 
Z 1 if a zero output is generated, 0 otherwise. 
V 0. 
Cc Set to the value of the bit rotated out of the high-order bit. If dstis not 
R7 — RO, then C is shifted in but not changed. 
Mode Bit OVM Operation is not affected by OVM bit value. 
‘xample RORC R4 


Before Instruction: 


R4 = 80000081h 
LUF LV UE NZVC=0 001000 


After Instruction: 
R4 = 40000040h 
LUF LV UF N Z V C=0 00000 1 
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Syntax 


Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 
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RPTB src 


src > RE 
1 — ST (RM) 
Next PC + RS 


src long-immediate addressing mode 


24 23 16 15 87 0 


00100 src 


RPTB allows a block of instructions to be repeated a number of times without 
any penalty for looping. This instruction activates the block repeat mode of up- 
dating: the PC. The src operand is a 24-bit unsigned immediate value that is 
loaded into the repeat end address (RE) register. A 1 is written into the repeat 
mode bit of status register St (RM) to indicate that the PC is being updated in 
the repeat mode. The address of the next instruction is loaded into the repeat 
start address (RS) register. 


LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 


Zz Unaffected. 
V Unaffected. 
Cc Unaffected. 


OVM Operation is not affected by OVM bit value. 
RPTB 127h 


Before Instruction: 


PC =123h 

ST=0h | 
~ RE =0Oh 

RS = 0h 


LUF LV UF N ZV C=0 0 00 0 00 
After Instruction: 


PC = 124h 
ST = 100h 
RE = 127h 
RS = 124h 


LUF LV UF NZVC=0 0 00 0 0 0 


Assembly Language Instructions 


Repeat Single RPTS 


Syntax RPTS src 


Operation src > RC 
1 — ST (RM) 
1i-S 
Next PC — RS 
Next PC — RE 


Operands src general addressing modes (G): 
00 _ register 
01 ~ direct 
10 — indirect 
11 immediate 


31 24 23 16 15 87 
fooofroorts| afr o4 src 


Description The RPTS instruction allows a single instruction to be repeated a number of 
times without any penalty for looping. Fetches can also be made from the in- 
struction register (IR), thus avoiding repeated memory access. 


Encoding 


The src operand is loaded into the repeat counter (RC). A 1 is written into the 
repeat mode bit of the status register ST (RM). A 1 is also written into the repeat 
single bit (S). This indicates that the program fetches are to be performed only 
from the instruction register. The next PC is loaded into the repeat end address 
(RE) register and the repeat start address (RS) register. 


For the immediate mode, the srcoperandis assumed to be an unsigned integer 
and is not sign-extended. 


Cycles 4 


Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Zz Unaffected. 
V Unaffected. 
Cc Unaffected. 


Mode Bit OVM Operation is not affected by OVM bit value. 
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Example RPTS AR5 


Before Instruction: 


PC = 123h 

ST =0Oh 

RS =0h 

RE =0h 

RC =0h 

AR5 = OFFh 

LUF LV UF NZV C=0 000 0 0 0 


After Instruction: 


PC = 124h 
ST = 100h 
RS = 124h 
RE = 124h 
RC = OFFh 
AR5 = OFFh 
LUF LV UF N ZV C=0 0000 0 0 
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Syntax 


Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


SIGI 


Signal interlocked operation. 
Wait for interlock acknowledge. 
Clear interlock. 


None 


31 24 23 1615 87 0 
1011 00/00/000000000000000000000 


An interlocked operation is signaled over XFO and XF1. After the interlocked 
operation is acknowledged, the interlocked operation ends. SIGI ignores the 
external ready signals. Refer to Section 6.4 on page 6-10 for detailed informa- 
tion. 


LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 


N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 


OVM Operation is not affected by OVM bit value. 
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Syntax STF src, dst 
Operation src => dst 
Operands src register (Rn, O<n<7) 
dst general addressing modes (G): 
01 ~ direct 
10 — indirect 
Encoding 
31 24 23 16 15 87 0 
Se CCRC eile AA 
Description The src register is loaded into the dst memory location. The src and dst oper- 
ands are assumed to be floating-point numbers. 
Cycles 1 
Status Bits LUF Unaffected. 
| LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example STF R2,@98A1h 


Before Instruction: 


DP = 80h 

R2 = 052C501900h = 4.30782204e + 01 

Data at 8098A1h = 0h 

LUF LV UF N ZV C=0 0 000 0 0 


After Instruction: 


DP = 80h 

R2 = 0520501900h = 4.30782204e + 014 

Data at 8098A1h = 52C5019h = 4.30782204e + 01 
LUF LV UF NZV C=0 0 00 0 0 0 
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Syntax STFI src, dst 


Operation src —> dst 
Signal end of interlocked operation. 


Operands src register (Rn, O<n</7) 


dst general addressing modes (G): 
01 direct 
10 — indirect 
Encoding 


31 


87 0 


24 23 16 15 


Description The src register is loaded into the dst memory location. An interlocked opera- 
tion is signaled over pins XFO and XF1. The srcand dstoperands are assumed 
to be floating-point numbers. Refer to Section 6.4 on page 6-10 for detailed in- 
formation. 


Cycles 1 


Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 


Mode Bit OVM Operation is not affected by OVM bit value. 
Example STFI R3,*-AR4 
Before Instruction: 


R3 = 0733C00000h = 1.79750e + 02 

AR4 = 80993Ch 

Data at 80993Bh = 0h 

LUF LV UF N ZV C=0 0 00 0 0 0 


After Instruction: 


R3 = 0733C00000h = 1.79750e + 02 

AR4 = 80993Ch 

Data at 80993Bh = 733C000h = 1.79750e + 02 
LUF LV UF N ZV C=0 0 00 0 0 0 
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Store Floating-Point ccmmnssnnmnsrnnuinansun 


Syntax STF src2, dst2. 
|| STF srci, dsti 
Operation src2 — dst2 
| src? — dst1 
Operands src? register (Rn1, 0 <ni <7) 
dst? indirect (disp = 0, 1, IRO, IR1) 
Ssrc2__ register (Rn2, 0 <n2 <7) 
dst2 indirect (disp = 0, 1, IRO, IR1) 
Encoding 
31 24 23 1615 87 0 
Peer se [eds | ae ee 
Description Two STF instructions are executed in parallel. Both src7 and src2 are assu mes 
to be floating-point numbers. 
Cycles 1 


Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Z Unaffected. 
V Unaffected. 


Cc Unaffected. 


Mode Bit OVM Operation is not affected by OVM bit value. 
_ Example STF R4,*AR3-— 
|| STF R3,*++AR5 
Before Instruction: 
R4 = 070C800000h = 1.4050e + 02 
AR3 = 809835h 
R3 = 0733C00000h = 1.79750e + 02 
AR5 = 8099D2h 
Data at 809835h = Oh 
Data at 8099D3h = Oh 
LUF LV UF NZVC=0 000000 
After Instruction: 
R4 = 070C800000h = 1.4050e + 02 
AR3 = 809834h 
R3 = 0733C00000h = 1.79750e + 02 
AR5 = 8099D3h 
Data at 809835h = 070C8000h = 1.4050e + 02 
Data at 8099D3h = 0733C000h = 1.79750e + 02 
LUF LV UF N ZV C#=0 0 0 0 0 0 0 
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Syntax STI src, dst 
Operation src > dst 
Operands src register (Rn, 0<n< 27) 

dst general addressing modes (G): 

01 ~ direct 
10 _— indirect 
Encoding 
31 24 23 1615 87 | 0 
[epee pele a] 

Description The sre register is loaded into the dst memory location. The src and dst oper- 

ands are assumed to be signed integers. 
Cycles 1 
Status Bits LUF Unaffected. 

LV Unaffected. 

UF Unaffected. 

N Unaffected. 

Z Unaffected. 

V Unaffected. 

Cc Unaffected. 
Mode Bit OVM Operation:is not affected by OVM bit value. 
Example STI R4,@982Bh 


Before Instruction: 


DP = 80h 

R4 = 42BD7h = 273,367 

Data at 80982Bh = OE5FCh = 58,876 

LUF LV UF NZV C=0 0000 0 0 


After Instruction: 


DP = 80h 

R4 = 42BD7h = 273,367 

Data at 80982Bh = 42BD7h = 273,367 | 

LUF LV UF NZV C=0 000000 
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Syntax 


Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 
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31 24 23 16 
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STIl src, dst 


src — dst 
Signal end of interlocked operation. 


src register (Rn, 0 <n < 27) 


dst general addressing modes (G): 
O01 direct 
10 — indirect 


15 87 0 


The src register is loaded into the dst memory location. An interlocked opera- 
tion is signaled over pins XFO and XF1. The srcand dstoperands are assumed 
to be signed integers. Refer to Section 6.4 for detailed information. 


LUF - Unaffected. 
LV Unaffected. 
UF Unaffected. 


N Unaffected. 
Zz Unaffected. 
V Unaffected. 
Cc Unaffected. 


OVM Operation is not affected by OVM bit value. 
STII R1,@98AEh 
Before Instruction: 


DP = 80h 
Ri = 78Dh 
Data at 8098AEh = 25Ch 


After Instruction: 


DP = 80h 
R1 = 78Dh 
Data at 8098AEh = 78Dh 
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Syntax STI src2, dst2 
|} STI src, dst 


Operation src2 — dst2 
|| src? — dst? 


Operands src? register (Rn1,0<n1 <7) 
dst1 indirect (disp = 0, 1, IRO, IR1) 
src2_ register (Rn2, 0 <n2 <7) 
dsi2 indirect (disp = 0, 1, IRO, IR1) 


Encoding 
31 24 23 16 15 87 0 
eee oe oe [oe we [ane 
Description Two integer stores are performed in parallel. If both stores are executed to the 
same address, the value written is that of STI src2, dst2. 
Cycles 1 
Status Bits LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 
N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example STI RO, *++AR2 (IRO) 


|| STI R5, *ARO 
Before Instruction: 


RO = ODCh = 220 

AR2 = 809830h 

IRO = 8h 

R5 = 35h =53 

ARO = 8098D3h 

Data at 809838h = Oh 

Data at 8098D3h = Oh 

LUF LV UF NZ V C=0 000000 
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STI|STI Parallel STI and ST! 
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After Instruction: 


RO = ODCh = 220 

AR2 = 809838h 

IRO = 8h 

R5 = 35h = 53 

ARO = 8098D3h 

Data at 809838h = ODCh = 220 

Data at 8098D3h = 35h = 53 . 

LUF LV UF N ZV C=#=0 0000 00 
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_Subtract Integer With Borrow SUBB 


Syntax SUBB src, dst 

Operation dst-— src—C — dst 

Operands sre general addressing modes (G): 
00 register (Rn, 0 <n< 27) 
01 direct 


10 — indirect 
11 immediate 


dst register (Rn, 0 <n < 27) 


Encoding 
31 24 23 16 15 87 0 
cope refs] a : 
Description The difference of the dst, src, and C operands is loaded into the dst register. 
The dst and src operands are assumed to be signed integers. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc 1 if a borrow occurs, 0 otherwise. 
Mode Bit OVM Operation is affected by OVM bit value. 
Example SUBB *AR5++(4),R5 


Before Instruction: 


ARS5 = 809800h 

R5 = OFAh = 250 

Data at 809800h = 0C7h = 199 

LUF LV UF NZVC=0 0000 0 1 


Afier Instruction: 


AR5 = 809804h 

R5 = 032h = 50 

Data at 809800h = 0C7h = 199 

LUF LV UF N ZV C=0 000000 
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Syntax 
Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


10-172 
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SUBB3 src2, src1, dst 
src1l —src2—C + dst - 


src1 three-operand addressing modes (T): 
00 register (Rn1, O<ni < 27) 
01 indirect (disp = 0, 1, IRO, IR1) 
10 register (Rn1, 0<n1 < 27) 
11. indirect (disp = 0, 1, IRO, IR1) 


src2 three-operand addressing modes (T): 


00 register(Rn2, 0 <n2 < 27) 
01 register (Rn2, 0 <n2 < 27) 
10 _ indirect (disp = 0, 1, IRO, IR1) 
11 indirect (disp = 0, 1, IRO, IR1) 


dst register (Rn, 0 <n < 27) 


31 24 23 1615 87 0 


The difference of the src? and src2 operands and the C (carry) flag is loaded 
into the dst register. The src?, src2, and dst aperanes are assumed to be 
signed integers. 


1 


These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 


LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 

N 1 if a negative result is generated, 0 otherwise. 

Z 1 if a zero result is generated, 0 otherwise. 

V 1 if an integer overflow occurs, 0 otherwise. 

Cc 1 if a borrow occurs, 0 otherwise. 


OVM Operation is affected by OVM bit value. 


Assembly Language Instructions 


Example SUBB3 R5, *AR5++(IRO),RO 
Before Instruction: 


AR5 = 809800h 

IRO = 4h 

R5 = 0C7h = 199 

RO = Oh 

Data at 809800h = OFAh = 250 

LUF LV UF NZV C=0 0000 0 1 


After Instruction: 


AR5 = 809804h 

IRO = 4h 

R5 = 0C7h = 199 

RO = 32h = 50 

Data at 809800h = OFAh = 250 

LUF LV UF NZVC=#0 000 0 0 0 


10-173 


Syntax 


Operation 


Operands 


Encoding 
31 


24 23 16 


SUBC src, dst 


If (dst— src= 0): 

(dst- src << 1) OR 1 -— dst 
Else: 

dst << 1 > dst 


src general addressing modes (G): 
00 _ register (Rn, 0 <n< 27) 
01. direct 
10 indirect 
11 immediate 


dst register (Rn, 0 <n<27) 


15 87 0 


ooo 


Description 


Cycles 


Status Bits 


Mode Bit 


10-174 


The srcoperand is subtracted from the dstoperand. The dstoperand is loaded 
with a value dependent upon the result of the subtraction. If (dst— src) is greater 
than or equal to zero, then (dst— src) is left-shifted one bit, the least significant 
bit is set to 1, and the result is loaded into the dst register. If (dst — src) is less 
than zero, dstis left-shifted one bit and loaded into the dstregister. The dstand 
src operands are assumed to be unsigned integers. 


SUBC may be used to perform a single step of a multibit integer division. See 
subsection 11.3.4 for a detailed description. 


LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 


N Unaffected. 
Z Unaffected. 
V Unaffected. 
Cc Unaffected. 


OVM Operation is not affected by OVM bit value. 


Assembly Language Instructions 


Example1 | SUBC @98C5h,RI1 
Before Instruction: 


DP = 80h 

Ri = 04F6h = 1270 

Data at 8098C5h = 492h = 1170 

LUF LV UF NZV Cz=0 000000 


After Instruction: 


DP = 80h 

~ R1 = 0C9h = 201 

Data at 8098C5h = 492h = 1170 

LUF LV UF NZV C=0 000000 


Example 2 SUBC 3000,R0 (3000 = OBB8h) 
Before Instruction: 


RO = 07D0h = 2000 
LUF LV UF N ZV C=#0 0 00 0 0 0 


After Instruction: 


RO = OFAOh = 4000 
LUF LV UF NZV C=0 0000 00 
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Syntax SUBF src, dst 

Operation dst— src > dst 

Operands sre general addressing modes (G): 
00 register (Rn, O<n<7) 
01. direct 
10 — indirect 


11 immediate | 


dst register (Rn, O<n<7) 


Encoding . 
31 24 23 16 15 87 0 
Description The difference of the dst operand minus the src operand is loaded into the 
dst register. The dst and src operands are assumed to be floating-point num- 
bers. 
Cycles — 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF 1 if a floating-point underflow occurs, unchanged otherwise. 
LV 1 if an floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an floating-point overflow occurs, 0 otherwise. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example SUBF *ARO—-(IRO),R5 


Before Instruction: 


ARO = 809888h 

IRO = 80h 
-R5 = 0733C00000h = 1.79750000e + 02 

Data at 809888h = 70C8000h = 1.4050e + 02 

LUF LV UF NZVC=0 0000 0 0 


After Instruction: 


ARO = 809808h 

IRO = 80h 

R5 = 051D000000h = 3.9250e + 01 

Data at 809888h = 70C8000h = 1.4050e + 02 

LUF LV UF NZV C=0 0 000 0 0 


10-176. Assembly Language Instructions 


iespyate sk ae Subtract Floating-Point, 3-Operand SUBF3 
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Syntax SUBF3 src2, src1, dst 
Operation src? — src2 > dst 
Operands . src1 three-operand addressing modes (T): 


00 register (Rni, <ni <7) 
01 indirect (disp = 0, 1, IRO, IR1) 
10 register (Rni, < ni <7) 
11. indirect (disp = 0, 1, IRO, IR1) 


src2 three-operand addressing modes (T): 
00 register (Rn2, < n2 <7) 
01 register (Rn2, < n2 <7) 
10 indirect (disp = 0, 1, IRO, IR1) 
11 indirect (disp = 0, 1, IRO, IR1) 


dst register (Rn, O< n</7) 


Encoding 
31 24 23 1615 87 0 
eee ft] aw | we |e 
Description The difference of the src? and src2 operands is loaded into the dst register. 
The src?, src2, and dst operands are assumed to be floating-point numbers. 
Cycles 1 | 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF $1 if a floating-point underflow occurs, unchanged otherwise. 
LV 1 if an floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an floating-point overflow occurs, 0 otherwise. 
Cc Unaffected. 
iMode Bit OVM Operation is not affected by OVM bit value. 
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ct Floating-Point, 3-Operand 
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Example 1 SUBF3 *ARO—-(IRO),*AR1,R4 
Before Instruction: 


ARO = 809888h 

IRO = 80h 

AR1 = 809851h 

R4=0h 

Data at 809888h = 70C8000h = 1.4050e + 02 
Data at 809851h = 733C000h = 1.79750e + 02 
LUF LV UF NZVC=#0 0 00 0 0 0 


After Instruction: 


ARO = 809808h 

IRO = 80h 

AR1 = 809851h 

R4 = 51D000000h = 3.9250e + 01 

Data at 809888h = 70C8000h = 1.4050e + 02 
Data at 809851h = 733C000h = 1.79750e + 02 
LUF LV UF NZV C=0 0 000 0 0 


Example 2 SUBF3 R7,RO0,R6 
Before Instruction: 


R7 = 57B400000h = 6.281250e + 01 

RO = 34C200000h = 1.27578125e + 01 

R6 = 0h 

LUF LV UF N ZV C=0 0 00 0 0 0 


After Instruction: 


R7 = 57B400000h = 6.281250e + 01 

RO = 34C200000h = 1.27578125e + 01 
R6=5B7C80000h= — 5.00546875e + 01 

LUF LV UF NZV C=0 0 00 1 0 0 
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Syntax SUBF3 _src7, src2, dst! 
|| STF src3, dst2 


Operation src2— src1 — dst! 
l| src3— dst2 


Operands src1_ register (Rn1,O<ni1 <7) 
Src2__ indirect (disp = 0, 1, IRO, IR1) 
dst? register (Rn2, 0 <n2 <7) 
src3_ register (Rn3, 0<n3 <7) 
dst2 indirect (disp = 0, 1, IRO, IR1) 


Encoding 
31 24 23 1615 87 0 
Description A floating-point subtraction and a floating-point store are performed in parallel. 
All registers are read at the beginning and loaded at the end of the execute 
cycle. This means that if one of the parallel operations (STF) reads from a reg- 
ister and the operation being performed in parallel (SUBF3) writes to the same 
register, then STF accepts as input the contents of the register before it is modi- 
fied by the SUBF3. 
If src3 and dst? point to the same location, src3is read before the write to dst7. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF $1 if a floating-point underflow occurs, unchanged otherwise. 
LV 1 if an floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
_V 1 if an floating-point overflow occurs, 0 otherwise. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 


10-179 


Example 


10-180 


SUBF3 R1,*-AR4(IR1),R0 
fel SBE R7,*+AR5(IRO) © 


Before Instruction: 


R1 = 057B400000h = 6.28125e + 01 

AR4 = 8098B8h 

IR1 =8h 

RO = Oh 

R7 = 0733C00000h = 1.79750e + 02 

AR5 = 809850h 

IRO=10h 

Data at 8098B0h = 70C8000h = 1.4050e + 02 
Data at 809860h = Oh 

LUF LV UF NZVCz#0 0 000 00 


After Instruction: 


R1 = 057B400000h = 6.28125e + 01 

AR4 = 8098B8h 

IR1 = 8h 

RO = 061B600000h = 7.768750e + 01 

R7 = 0733C00000h = 1.79750e + 02 

AR5 = 809850h 

IRO = 10h 

Data at 8098B0h = 70C8000h = 1.4050e + 02 
Data at 809860h = 733C000h = 1.79750e + 02 
LUF LV UF N ZV C=#=0 0 00 0 0 0 


Assembly Language Instructions 


Syntax SUBI src, dst 


Operation dst— src > dst 

Operands src general addressing modes (G): 
00 register (Rn, 0 <n<27) 
O01 ~~ direct 


10 — indirect 
11 immediate 


dst register (Rn, 0 <n < 27) 


Encoding 
31 24 23 1615 87 0 
eo prreee el a anal 
Description The difference of the dstoperand minus the src operand is loaded into the dst 
register. The dst and src operands are assumed to be signed integers. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc 1 if a borrow occurs, 0 otherwise. 
Mode Bit OVM Operation is affected by OVM bit value. 
Example SUBI 220,R7 


Before Instruction: 


R7 = 226h = 550 
LUF LV UF NZ V C=0 0000 0 0 


After Instruction: 


R7 = 14Ah = 330 
LUF LV UF NZV C=0 0 00 0 0 0 
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oceania 


Syntax 


Operation 


Operands | 


Encoding 
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SUBI3 src2, src1, dst 


src1 — src2 => dst 


src? three-operand addressing modes (T): 


00 
01 
10 
11 


register 
indirect 
register 
indirect 


Rni, 0-<ni < 27) 
disp = 0, 1, IRO, IR1) 
Rni, O< nt < 27) 
disp = 0, 1, IRO, IR1) 


Fi a 


src2 three-operand addressing modes (T): 


00 
01 
10 
11 


register (Rn2, 0 < n2 < 27) 
register (Rn2, 0 < n2 < 27) 
indirect (disp = 0, 1, IRO, IR1) 
indirect (disp = 0, 1, IRO, IR1) 


dst register (Rn, 0 <n < 27) 


15 87 0 


’  gret src2 


Description 


Cycles — 


Status Bits 


Mode Bit 


10-182 


31 24 23 16 


The difference of the src/ operand minus the src2 operand is loaded into the 
dst register. The src?, src2, and dst operands are assumed to be signed inte- 


gers. 


1 


These condition flags are modified only if the destination register is R7 — Ro. 


LUF 
LV 
UF 
N 

Z 

V 

Cc 


Unaffected. 
1 if an integer overflow occurs, unchanged otherwise. 


1 if a negative result is generated, 0 otherwise. 
1 if a Zero result is generated, 0 otherwise. 

1 if an integer overflow occurs, 0 otherwise. 

1 if a borrow occurs, 0 otherwise. 


OVM Operation is affected by OVM bit value. 


Assembly Language Instructions 


sheithneiahisaguaiasatesuinaatiseientemnnehhinasachiainminnssuss savas taaloayainssaeat 


Example 1 


Example 2 


SUBI3 R7,R2,R0 
Before Instruction: 


R2 = 0866h = 2150 
R7 = 0834h = 2100 
RO =0Oh 


LUF LV UF N ZV C=0 0 0 


After Instruction: 


R2 = 0866h = 2150 
R7 = 0834h = 2100 
RO = 032h = 50 


LUF LV UF N ZV C=0 0 O 


SUBI3 *-AR2(1),R4,R3 
Before Instruction: 


AR2 = 80985Eh 

R4 = 0226h = 550 

R3 = 0h 

Data at 80985Dh = ODCh = 220 


LUF LV UF N ZV C=0 0 0 


After Instruction: 


AR2 = 80985Eh 

R4 = 0226h = 550 

R3 = 014Ah = 330 

Data at 80985Dh = ODCh = 220 


LUF LV UF NZV C=0 0 0 
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SUBI3||STI_ Parallel! SUBI3 anc 


SUBI3 _srci, src2, dst1 
|| STI src3, dst2 


src2 — src1 — dst1 


Operation 
; || src3— dst2 


Operands src? register (Rni, 0 <n1 <7) 
src2__ indirect (disp = 0, 1, IRO, IR1) 
dst? register (Rn2, 0 <n2 <7) 
src3__ register (Rn3, 0 <n3 <7) 
dst2 indirect (disp = 0, 1, IRO, IR71) 


Encoding 


31 24 23 1615 87 0 


An integer subtraction and an integer store are performed in parallel. All regis- 
ters are read at the beginning and loaded at the end of the execute cycle. This 
means that if one of the parallel operations (STI) reads from a register and the 
‘Operation being performed in parallel (SUBI3) writes to the same register, then 
STI accepts as input the contents of the register before it is modified by the 
SUBI3. : 


- Description 


lf src3 and dst7 point to the same location, src3is read before the write to dst7. 


Cycles 1 


Status Bits These condition flags are modified only if the destination register is R7 — RO. 


LUF 


Unaffected. 


1 if an integer overflow occurs, unchanged otherwise. 


0. 


N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 

V 1 if an integer overflow occurs, 0 otherwise. | 
Cc 1 if a borrow occurs, 0 otherwise. 


Mode Bit OVM Operation is affected by OVM bit value. 


10-184 Assembly Language Instructions 
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SSS 


Example 
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SUBI3 R7,*+AR2(IRO),R1 
|| STI R3, *++AR7 


Before Instruction: 


R7 = 14h = 20 

AR2 = 80982Fh 

[RO =10h 

R1=0Oh 

R3 = 35h = 53 

AR7 = 80983Bh 

Data at 80983Fh = ODCh = 220 

Data at 80983Ch = Oh 

LUF LV UF N ZV C=0 0000 0 0 


After Instruction: 


R7 = 14h =20 

AR2 = 80982Fh 

IRO = 10h 

R1 = 0C8h = 200 

R3 = 35h = 53 

AR7 = 80983Ch 

Data at 80983Fh = ODCh = 220 

Data at 80983Ch = 35h = 53 

LUF LV UF NZV Cz=0 0 00 0 0 0 
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Syntax SUBRB sre, dst 
Operation src — dst-—C > dst 
Operands | src general addressing modes (GQ): 
00 register (Rn, O<n< 27) 
01 direct 


10 ~ indirect 
11 immediate — 


dst register (Rn, O<n<27) | 


Encoding 
31 24 23 1615 87 0 
eoeeefe] = | 
Description The difference of the src, dst, and C operands is loaded into the dst register. 
The dst and src operands are assumed to be signed integers. 
Cycles 1 
Status Bits | These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. . 
LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if an integer overflow occurs, 0 otherwise. 
Cc 1 if a borrow occurs, 0 otherwise. 
Mode Bit OVM Operation is affected by OVM bit value. 
Example SUBRB R4,R6 


Before Instruction: 


R4 = 03CBh = 971 
R6 = 0258h = 600 
LUF LV UF NZVC=#=0 000001 


After Instruction: 


R4 = 03CBh = 971 
R6 = 0172h = 370 
LUF LV UF NZVC=#0 00000 0 


10-186 . . . Assembly Language Instructions 


ast eases UNNRA nee 


Syntax SUBRF src, dst 


Operation src — dst > dst 

Operands src general addressing modes (G): 
00 register (Rn, O<n</7) 
01 direct 
10 indirect 


11 immediate 


dst register (Rn, O<n<¢ 7) 


Encoding 
| 31 24 23 1615 87 0 
Fn] EI I i A 
Description The difference of the src operand minus the dstoperand is loaded into the dst 
register. The dst and src operands are assumed to be floating-point numbers. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF (1 if a floating-point underflow occurs, unchanged otherwise. . 
LV 1 if a floating-point overflow occurs, unchanged otherwise. 
UF 1 if a floating-point underflow occurs, 0 otherwise. 
N 1 if a negative result is generated, 0 otherwise. 
Z 1 if a zero result is generated, 0 otherwise. 
V 1 if a floating-point overflow occurs, 0 otherwise. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example SUBRF @9905h,R5 


Before Instruction: 


DP = 80h 

R5 = 057B400000h = 6.281250e + 01 

Data at 809905h = 733C000h = 1.79750e + 02 
LUF LV UF NZV C=0 0000 0 0 


After Instruction: 


DP = 80h 

R5 = O669E00000h = 1.16937500e + 02 

Data at 809905h = 733C000h = 1.79750e + 02 
LUF LV UF NZVC=0 000 0 0 0 
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Syntax 
Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


Example 
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SUBRI src, dst 
src — dst > dst 


src general addressing modes (G): 
00 register (Rn, 0 <n< 27) 
01 direct 
10 — indirect 
11 immediate 


dst register (Rn, 0 <n < 27) 


31 24 23 16 15 87 0 
The difference of the src operand minus the dst operand is loaded into the dst 
register. The dst and src operands are assumed to be signed integers. 


1 


These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 


LV 1 if an integer overflow occurs, unchanged otherwise. 
UF 0. 

N 1 if a negative result is generated, 0 otherwise. 

Z 1 if a zero result is generated, O otherwise. 

V 1 if an integer overflow occurs, 0 otherwise. 

C 1 if a borrow occurs, 0 otherwise. 


OVM Operation is affected by OVM bit value. 
SUBRI *AR5++(IRO),R3 
Before Instruction: 


ARS = 809900h 

IRO = 8h 

R3 = ODCh = 220 

Data at 809900h = 226h = 550 

LUF LV UF N ZV C=0 0 00 0 0 0 


After Instruction: 


AR5 = 809908h 

IRO = 8h 

R3 = 014Ah = 330 

Data at 809900h = 226h = 550 

LUF LV UF N ZV C=#=0 0 000 0 0 


Assembly Language Instructions. 


Syntax SWI 


Operation Performs an emulation interrupt 
Operands None 
Encoding 
31 “2423 16 15 87 
Description The SWI instruction performs an emulator interrupt. This is a reserved instruc- 
tion and should not be used in normal programming. 
Cycles 4 
Status Bits LUF Unaffected. 


LV Unaffected. 
UF ~~ Unaffected. 
N.-: Unaffected. 


Z Unaffected. 
V Unaffected. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 


10-189 


Syntax 


Operation 


Operands 


Encoding 


Description 


Cycles 


Status Bits 


Mode Bit 


10-190 
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TRAPcond N 


0 > ST(GIE) 

If cond is true: 
Next PC —> *+4SP, 
Trap vector N > PC. 


Else: 


Set ST(GIE) to original state. 
Continue. 


N (0 <N<31) 


24 23 16 15 87 0 


Interrupts are disabled globally when 0 is written to ST(GIE). If the condition 
is true, the contents of the PC are pushed onto the system stack, and the PC 
is loaded with the contents of the specified trap vector (N). If the condition is 
not true, ST(GIE) is set to its value before the TRAPcond instruction changes 
it. 


The TMS320C3x provides 20 condition codes that can be used with this in- 
struction (see Section 10.2 on page 10-9 for a list of condition mnemonics, 
encoding, and flags). Condition flags are set on a previous instruction only 
when the destination register is one of the extended-precision registers 
(R7—RO) or when one of the compare instructions (CMPF, CMPF3, CMPI, 
CMPI3, TSTB, or TSTB3) is executed. 


LUF Unaffected. 
LV Unaffected. 
UF Unaffected. 


N Unaffected. 
Z Unaffected. 
V Unaffected. 


Cc Unaffected. 
OVM Operation is not affected by OVM bit value. 


Assembly Language Instructions 
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Example TRAPZ 16 
Before Instruction: 


PC = 123h 

SP = 809870h 

ST =0h 

Trap Vector 16 = 10h 

LUF LV UF NZV C=0 0000 0 0 


After Instruction: 


PC = 10h 

SP = 809871h 

Data at 809871h = 124h 

ST = 0h 

LUF LV UF NZV C=0 0 00 0 0 0 
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TSTB 
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Syntax TSTB sre, dst 
Operation dst AND src 
Operands src general addressing modes (G): 
00 register (Rn, 0 <n<27) 
01 direct 
10 — indirect 
11 immediate 
dst register (Rn, O<n<27) | 
Encoding 


31. 24 23 16 15 87 


Description The bitwise logical-AND of the dst and src operands is formed, but the result 
is not loaded in any register. This allows for nondestructive compares. The dst 
and src operands are assumed to be unsigned integers. 


Cycles 1 


Status Bits These condition flags are modified for all destination registers vied — RO). 
LUF Unaffected. 
LV Unaffected. 


UF 0. 
N MSB of the output. 
Z 1 if a zero output is generated, 0 otherwise. 
V 0. 
C -° ~—sC Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example TSTB *-AR4(1),R5 


Before Instruction: 


AR4 = 8099C5h 

R5 = 898h = 2200 

Data at 8099C4h = 767h = 1895 

LUF LV UF NZV C=0 0 00 0.0 0 


After Instruction: 


AR4 = 8099C5h 

R5 = 898h = 2200 

Data at 8099C4h = 767h = 1895 

LUF LV UF NZ V C=0 0001 0 0 
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Syntax TSTB3 src2, src1 
Operation src? AND src2 
Operation srci three-operand addressing modes (T): 


00 register (Rni, O<n1 < 27) 
01 indirect (disp = 0, 1, IRO, IR1) 
10 register (Rn1, 0 <ni < 27) 
11 indirect (disp = 0, 1, IRO, IR1) 


src2 three-operand addressing modes (T): 
00 register (Rn2, 0 < n2 < 27) 
01. register (Rn2, 0 <n2 < 127) 
10 indirect (disp = 0, 1, IRO, IR1) 
11 indirect (disp = 0, 1, IRO, IR1) 


Encoding 
31 24 23 1615 87 0 
Description The bitwise logical-AND between the src7 and src2 operands is formed, but 
is not loaded into any register. This allows for nondestructive compares. The 
src1 and src2 operands are assumed to be unsigned integers. Although this 
instruction has only two operands, it is designated as a three operand instruc- 
tion because operands are specified in the three-operand format. 
Cycles 1 
Status Bits These condition flags are modified for all destination registers (R27 — RO). 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N MSB of the output. 
Z 1 if a zero output is generated, 0 otherwise. 
V 0. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
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Example 1 TSTB3 *XAR5——(IRO), *+ARO (1) 
Before Instruction: 


AR5 = 809885h 

IRO = 80h 

ARO = 80992Ch 

Data at 809885h = 898h = 2200 

Data at 80992Dh = 767h = 1895 

LUF LV UF NZVCz=0 0000 00 


After Instruction: 


AR5 = 809805h 

IRO = 80h 

ARO = 80992Ch 

Data at 809885h = 898h = 2200 

Data at 80992Dh = 767h = 1895 . 
LUF LV UF NZV C=0 0 001 0 0 


Example 2 TSTB3 R4,*AR6——(IRO) 
Before Instruction: 


R4 = OFBC4h 

AR6 = 8099F8h 

IRO = 8h 

Data at 8099F8h = 1568h 

LUF LV UF N ZV C=0 0 00 0 0 0 


After Instruction: 


R4 = OFBC4h 

AR6 = 8099F0h 

IRO = 8h 

Data at 8099F8h = 1568h 
LUF‘LV UF N ZV C=0 0 00 0 0 0 
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Syntax XOR sre, dst 

Operation dst XOR src — dst 

Operands src general addressing modes (G): 
00 register (Rn, 0<n< 27) 
01 direct 


10 — indirect 
11 immediate 


dst register (Rn, 0 <n< 27) 


Encoding 
31 24 23 1615 87 0 
oper am aan 
Description The bitwise exclusive-OR of the srcand dstoperands is loaded into the d'streg- 
ister. The dst and src operands are assumed to be unsigned integers. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N MSB of the output. © 
Z 1 if a zero output is generated, 0 otherwise. 
V 0. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
Example XOR R1,R2 


Before Instruction: . 


R1 = OFFA32h 
R2 = OFF5Cith 
LUF LV UF NZVC=0 0 000 00 


After Instruction: 


Ri = OFF412h 
R2 = OOOFF3h 
LUF LV UF NZV C=0 0000 00 
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Syntax XOR3 src2, src1, dst 
Operation src1 XOR src2 > dst 
Operands src? three-operand addressing modes (T): 


00 register (Rn1, 0 <ni < 27) 
01 indirect (disp = 0, 1, IRO, IR1) 
10 register (Rn1, 0 <n1 < 27) 
11. indirect (disp = 0, 1, IRO, IR1) 


src2 three-operand addressing modes (T): 
00 _~ register (Rn2, 0 < n2 < 27) 
01 register (Rn2, 0 < n2 < 27) 
10 _ indirect (disp = 0, 1, IRO, IR1) 
11 indirect (disp = 0, 1, IRO, IR1) 


dst register (Rn, O<n< 27) 


Encoding 
31 24 23 16 15 87 0 
eeerew oft] we [we |e 
Description The bitwise exclusive-OR between the src7 and src2 operands is loaded into 
the dstregister. The src7, src2, and dstoperands are assumed to be unsigned 
integers. 
Cycles 1 
Status Bits These condition flags are modified only if the destination register is R7 — RO. 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N MSB of the output. 
Z 1 if a zero output is generated, 0 otherwise. 
V 0. 
C. Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
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Example 1 XOR3 *AR3++(IRO),R7,R4 
Before Instruction: 


AR3 = 809800h 

IRO = 10h 

R7 = OFFFFh 

R4 = 0h 

Data at 809800h = 5AC3h 
LUF LV UF NZV C=0 0 00 0 0 0 


After Instruction: 


AR3 = 809810h 

IRO = 10h 

R7 = OFFFFh 

R4 = 0A53Ch 

Data at 809800h = 5AC3h 

LUFLV UFNZVC=0 000000 


Example 2 XORS ‘RS; *=ARL (2),R1L 
Before Instruction: 


R5 = OFFA32h 

AR1 = 809826h 

Ri =0Oh 

Data at 809825h = OFF5C1h 

LUF LV UF NZV C=0 0 00 000 


After Instruction: 


R5 = OFFA32h 

AR1 = 809826h 

R1 = 000F33h 

Data at 809825h = OFF5Cth 

LUF LV UF NZVC=0 000000 
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Syntax XOR3 ~ src2, src1, dst? 
|| STI src3, dst2 


Operation src? XOR src2 > dst1 
|| src3— dst2 
Operands src1_ register (Rn1, 0 < ni <7) 


src2_ indirect (disp = 0, 1, IRO, IR1) 
dst? register (Rn2, < n2 < 7) 
src3__ register (Rn3, < n3 < 7) 
dst2 indirect (disp = 0, 1, IRO, IR1) 


Encoding 
31 24 23 16 15 87 0 
Description A bitwise exclusive-XOR and an integer store are performed in parallel. All reg- 
isters are read at the beginning and loaded at the end of the execute cycle. This 
means that if one of the parallel operations (ST!) reads from a register and the 
operation being performed in parallel (XOR3) writes to the same register, then 
STI accepts as input the contents of the register before it is modified by the 
XOR3. a 
If src2 and dst2 point to the same location, src2is read before the write to dsi2. 
Cycles 1 | 
Status Bits These condition flags are modified only if the destination register is R7 — RO. — 
LUF Unaffected. 
LV Unaffected. 
UF 0. 
N MSB of the output. 
Z 1 if a zero output is generated, 0 otherwise. 
V 0. 
Cc Unaffected. 
Mode Bit OVM Operation is not affected by OVM bit value. 
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Example XOR3 *AR1++,R3,R3 
|| STI R6, *-AR2 (IRO) 


Before Instruction: 


AR1-= 80987Eh 

R3 = 85h 

R6 = ODCh = 220 

AR2 = 8098B4h 

IRO = 8h 

Data at 80987Eh = 85h 

Data at 8098ACh = Oh 

LUF LV UF N ZV C=0 000000 


After Instruction: 


AR1 = 80987Fh 

R3=0h .- 

R6 = ODCh = 220 

AR2 = 8098B4h 

IRO = 8h : 

Data at 80987Eh = 85h 

Data at 8098ACh = ODCh = 220 

LUF LV UF N ZV C=0 0 00 0 0 0 
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Chapter 11 


Software Applications 


The TMS320C3x is a powerful digital signal processor with an architecture and 
instruction set designed to make easy system solutions to DSP problems. 
There are instructions specifically designed for efficient implementation of 
DSP algorithms as well as general-purpose instructions that make the device 
suitable for more general tasks, like any microprocessor. The floating-point 
and integer arithmetic supported by the device permits the designer to concen- 
trate on the algorithm with minimal concerns about scaling, dynamic range, 
and overflows. 


The purpose of this chapter is to explain how to use the instruction set, the ar- 
chitecture, and the interface of the TMS320C3x processor. It presents coding 
examples for frequently used applications and discusses more involved exam- 
ples and applications. This chapter defines the principles involved in the appli- 
cation and gives the corresponding assembly-language code for instructional 
purposes and for immediate use. Whenever the detailed explanation of the un- 
derlying theory is too extensive to be included in this manual, appropriate refer- 
ences are given for further information. 


Major topics discussed in this chapter are listed below. 
L4 Processor Initialization (Section 11.1 on page 11-3) | 


[4 Program Control (Section 11.2 on page 11-7) 


M Subroutine calls 
Software stack 
Interrupt handling 
Delayed branches 
Repeat modes 
Computed GOTO’s 


[4 Logical and Arithmetic Operations (Section 11.3 on page 11-21) 


MBit manipulation 

m@ Block moves 

Mm Bit-reversed addressing 
H Division 

m@ Square root 


sae cendencangatitatncrancencetcenni eae eee 


mM Extended-precision arithmetic 
mM |EEE <==> C3x floating-point conversions 


C4 Application-Oriented Operations (Section 11.4 on page 11-48) | 


H@ Companding (A-law, p-law) 

EB FIR/IIR filters (fixed and adaptive) 
@ Matrix math 

m@ FFT 

a 


Lattice filters 


Gi =Programming Tips (Section 11.5 on page 11-88) 


‘Ml C-callable routines 
BH Code optimization check list 


For convenience, the code in this section is located on the T! DSP Bulletin 
Board System (BBS) at 713-274-2323. 
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11.1 Processor Initialization 


Before you execute a digital signal processing algorithm, it is necessary to ini- 
tialize the processor. Generally, initialization takes place any time the proces- 
sor is reset. 


When reset is activated by applying a low level to the RESET input for several 
cycles, the TMS320C3x terminates execution and puts the reset vector (i.e., 
the contents of memory location 0) in the program counter. The reset vector 
normally contains the address of the system initialization routine. The hard- 
ware reset also initializes various registers and status bits. 


After reset, initialize the processor further by executing instructions that set 
up operational modes, memory pointers, interrupts, and the remaining func- 
tions needed to meet system requirements. 


To configure the processor at reset, the following internal functions should be 
initialized: 


Ci Memory-mapped registers 
Gi Interrupt structure 


Example 11—1 shows coding for initializing the TMS320C3x to the following 
machine state, in addition to the initialization performed during the hardware 
reset (for conditions after hardware reset, see Chapter 12): 


C4 Allinterrupts are enabled. 

Ca The overflow mode is disabled. 

Ci The data memory page pointer is set to zero. 
{4 The internal memory is filled with zeros. 


Note that all constants larger than 16 bits should be placed in memory and ac- 
cessed through direct or indirect addressing. 
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Example 11-1. TMS320C3x Processor Initialization 


* TITL ‘PROCESSOR INITIALIZATION EXAMPLE’ 
* 
-global RESET, INIT, BEGIN 
-global INTO, INTL, INT2, INT3 
-global ISRO, ISR1, ISR2,ISR3 
-global DINT, DMA 
-global TINTO, TINT1, XINTO, RINTO, XINT1, RINT1 
-global TIMEO, TIME1, XMTO, RCVO, XMT1,RCV1 
-global TRAPO, TRAP1, TRAP2,TRPO, TRP1, TRP2 
* 
* PROCESSOR INITIALIZATION FOR THE TMS320C3x. 
* 
* RESET AND INTERRUPT VECTOR SPECIFICATION. THIS 
* ARRANGEMENT ASSUMES THAT DURING LINKING, THE FOLLOWING 
* TEXT SEGMENT WILL BE PLACED TO START AT MEMORY 
* LOCATION 0. 
* 1 
.sect “init” ; Named section 
RESET -word INIT ; RS— load address INIT to PC 
oie 
INTO -word ISRO ; INTO— loads address ISRO to PC 
INT1 -word ISR1 ; INT1— loads address ISR1 to PC 
INT2 -word ISR2 7 INT2— loads address ISR2 to PC 
INT3 -word ISR3 ; INT3-— loads address ISR3 to PC 
* 
XINTO -word XMTO ; Serial port 0 transmit interrupt processing 
RINTO -word RCVO ; Serial port 0 receive interrupt processing 
XINT1 -word XMT1 ; Serial port 1 transmit interrupt processing 
RINT1 -word RCV1 ; Serial port 1 receive interrupt processing 
TINTO .word TIMEO ; Timer O interrupt processing 
TINT1 -word TIME1 ; Timer 1 interrupt processing 
DINT -word DMA ; DMA interrupt processing 
-space 20 ; Reserved space 
TRAPO -word TRPO ; Trap 0 vector processing begins 
TRAP -word TRP1 ; Trap 1 vector processing begins 
TRAP 2 -word TRP2 ; Trap 2 vector processing begins 
-Space 29 ; Leave space for the other 29 traps 


* 


*IN THIS SECTION, CONSTANTS THAT CANNOT BE REPRESENTED 

*IN THE SHORT FORMAT ARE INITIALIZED. THE NUMBERS IN PARENTHESIS 
*AT THE END OF THE COMMENTS REPRESENT THE OFFSET OF A 
*PARTICULAR CONTROL REGISTER FROM 


*CTRL (808000H) 

-data 
MASK word OFFFFFFFFH 
BLKO -word 0809800H 
BLK1 -word 0809C0O0H 
STCK -word OQ809FOOH 
CTRL .word 0808000H 
DMACTL -word 0Q000000H 
TIMOCTL .word 0000000H 
TIMICTL .word 0000000H 
SERGLOBO .word 0QQ000000H 
SERPRTXO .word 0O000000H 
SERPRTRO .word 0000000H 
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Beginning address of RAM block 0 
Beginning address of RAM block 1 
Beginning of stack 


Pointer for peripheral—bus memory map 


Initialization for DMA control (0) 
Initialization of timer 0 control (32) 
Initialization of timer 1 control (48) 
Init of serial 0 glbl control (64) 
Init of serial 0 xmt port control (66) 
Init of serial 0 rev port control (67) 
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Init of serial 0 timer control (68) 
Init of serial 1 glbl control (80) 
di: 
il: 


SERTIMO .word O0O0Q0000H 
SERGLOB1 .word O0O000000H 
SERPRTX1 .word 0O000000H 
SERPRTR1 .word O0O0O0Q000H 
SERTIM1 .word Q0O0O0000H 
PARINT -word 0O000000H 


Init of serial xmt port control (82) 
Init of serial rev port control (83) 
Init of serial 1 timer control (84) 
Init parallel interface control (100) 


Se Ne Ne Ne Ne Se Me 


TOINT -word O0O0O0000H Init I/O interface control (96) 
* 
etext 
* 
* THE ADDRESS AT MEMORY LOCATION O DIRECTS EXECUTION TO BEGIN HERE 
* FOR RESET PROCESSING THAT INITIALIZES THE PROCESSOR. WHEN RESET 
* IS APPLIED, THE FOLLOWING REGISTERS ARE INITIALIZED TO ZERO: 
* 
* ST —-—- CPU STATUS REGISTER 
* IE —-— CPU/DMA INTERRUPT ENABLE FLAGS 
* IF —— CPU INTERRUPT FLAGS 
* TIOF—— I/0 FLAGS 
eS 
* THE STATUS REGISTER HAS THE FOLLOWING ARRANGEMENT: 
* BITS: 31-14 13 12 1110 9 8 7 6 5 4 3 21 0 
* FUNCTION: RESRV GIE CC CE CF RESRV RM OVM LUF LV UF N ZV C 
* 
INIT LDP 0,DP ; Point the DP register to page 0 
LDI 1800H, ST ; Clear and enable cache, and disable OVM 


LDI @MASK, IE ; Unmask all interrupts 
INTERNAL DATA MEMORY INITIALIZATION TO FLOATING POINT ZERO 


LDI @BLKO, ARO 7 ARO points to block 0 
LDI @BLK1, AR1L ; AR1 points to block 1 

LDF 0.0,RO ; Zero register RO 

RPTS LO25 ; Repeat 1024 times 

STF RO, *ARO++(1) ; Zero out location in RAM block 0 and 


STF RO, *AR1++ (1) zero out location in RAM block 1. 


| 
* 
* THE PROCESSOR IS INITIALIZED. THE REMAINING APPLICATION- 
* DEPENDENT PART OF THE SYSTEM (BOTH ON- AND OFF-CHIP SHOULD 
* NOW BE INITIALIZED. 
* 
* FIRST, INITIALIZE THE CONTROL REGISTERS. IN THIS EXAMPLE, 
* EVERYTHING IS INITIALIZED TO ZERO SINCE THE ACTUAL INITIALIZATION IS 
* APPLICATION DEPENDENT. 
* 
LDI @CTRL, ARO ; LOAD in ARO the pointer to control 
* ; registers 


LDI @DMACTL, RO 
STI RO, *+ARO (0) ; Init DMA control 
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LDI @TIMOCTL, RO 


STI RO, *+ARO (32) ; Init timer 0 control 

LDI @TIM1CTL, RO 

STI RO, *+ARO (48) ; Init timer 1 control 

LDI @SERGLOBO, RO 

STI RO, *+ARO (64) ; Init serial 0 global control 
LDI @SERPRTXO,RO 

STI RO, *+ARO (66) ; Init serial O =mt control 
LDI @SERPRTRO, RO 

STI RO, *+ARO (67) ; Init serial 0 rev control 
LDI @SERTIMO, RO 

STI RO, *+ARO (68) ; Init serial 0 timer control 
LDI @SERGLOB1, RO 

STI RO, *+ARO (80) ; Init serial 1 global control 
LDI @SERPRTX1, RO , 

STI RO, *+ARO (82) ; Init serial 1 =mt control 
LDI @SERPRTR1, RO 

STI RO, *+ARO (83) ; Init serial 1 rev control 
LDI @SERTIMI1, RO 

STI RO, *+ARO (84) ; Init serial 1 timer control 


LDI @PARINT, RO 
STI RO, *+ARO (100) ; Init parallel interface control (C30 only) 
LDI @IOINT, RO 


: STI RO, *+ARO (96) ; Init I/O interface control 
LDI @STCK, SP | ; Initialize the stack pointer 

P OR 2000H,ST ; Global interrupt enable 
BR BEGIN ; Branch to the beginning of application. 
-end 


11-6 Software Applications 


BSS SSS SDSS SSS SSS NS SRR SSSR SSS 


Program Control 


somigesaontinn 


SRE RE ETRE ESSERE O Nee eee SN POTN oe ee aN Nate eee ee a aeaea Seen a eeatattat aseasatsasnuteateuee setae eelateeiasee setae siteattotelnsetsn tet stgetsateptateateathte 


11.2 Program Control 


11.2.1 Subroutines 


One group of TMS320C3x instructions provides program control and facili- 
tates all types of high-speed processing. These instructions directly handle: 


C4 subroutine calls, 

= software stack, 

Gi interrupts, 

C4 =zero-overhead branches, and 
Tk 


single- and multiple-instruction loops without any overhead. 


The TMS320C3x has a 24-bit program counter (PC) and a practically unlimited 
software stack. The CALL and CALLcond subroutine calls cause the stack 
pointer to increment and store the contents of the next value of the PC counter 
on the stack. At the end of the subroutine, RETScond performs a conditional 
return. | 


Example 11-2 illustrates the use of a subroutine to determine the dot product 
between two vectors. Given two vectors of length N, represented by the arrays 
a [0], a [1],...,a [N —1] and b [0], b [1],..., b [N —1], the dot product is computed 
from the expression 


d=a[0]b[0)+a[i]b [1] +...+a[N—1] b[N —1] 


Processing proceeds in the main routine to the point where the dot product is 
to be computed. It is assumed that the arguments of the subroutine have been 
appropriately initialized. At this point, a CALL is made to the subroutine, tran- 
sferring control to that section of the program memory for execution, then re- 
turning to the calling routine viathe RETS instruction when execution has com- 
pleted. Note that for this particular example, it would suffice to save the register 
R2. However, a larger number of registers are saved for demonstration pur- 
poses. The saved registers are stored on the system stack. This stack should 
be large enough to accommodate the maximum anticipated storage require- 
ments. Other methods of saving registers could be used equally well. 
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Example 11-2. Subroutine Call (Dot Product) 


* 
* 
* 
* 
x 
* 
* 
* 
* 
* 
* 
* 


TITLE SUBROUTINE CALL (DOT PRODUCT) 


MAIN ROUTINE THAT CALLS THE SUBROUTINE ‘DOT’ TO‘COMPUTE THE 
DOT PRODUCT OF TWO VECTORS. 


LDI @b1k0, ARO 
LDI @b1ki1,AR1 
LDI N,RC 


ARO points to vector a 
AR1 points to vector b 
RC contains the number of elements 


Ne Ne Se 


CALL DOT 


SUBROUTINE DOT 


EQUATION: d = a(0) * b(0O) + a(1) * b(1) + ... + a(N—-1) * b(N-1) 


THE DOT PRODUCT OF a AND b IS PLACED IN REGISTER RO. N MUST 
BE GREATER THAN OR EQUAL TO 2. 


ARGUMENT ASSIGNMENTS: 
ARGUMENT | FUNCTION 


—_--—-— f-wme eS Ee 
ARO | ADDRESS OF a(0) 

AR1L | ADDRESS OF b(0) 

RC | LENGTH OF VECTORS (N) 


REGISTERS USED AS INPUT: ARO, AR1, RC 
REGISTER MODIFIED: RO © 
REGISTER CONTAINING RESULT: RO 


+ Fee + + HF HF FH FH HF HF HH FH HF FH HF HF HH HF 


-global DOT 


DoT PUSH ST 


‘ee 


Save status register 


PUSH R2 ; Use the stack to save R2's 
PUSHF R2 ; lower 32 and upper 32 bits 
PUSH ARO ; Save ARO 

PUSH AR1 7; Save AR1 

PUSH RC 7 Save RC 
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MPYF3. *ARO, *AR1,R0 


LDF 


SUBI 2,RC 


SHA a eee ee re ae 


Initialize RO: 
a(0) * b(0) -—> RO 
Initialize R2. 
Set RC = N-2 


0.0,R2 


‘we se Ne ™e 


* 
* DOT PRODUCT (1 <= i < N) 
* 


RPT 

MPY 
1 | ADD 
* 


ADD 


S RC ; Setup the repeat single. 
F3 *++AR0(1),*++AR1(1),RO +; a(i) * b(i) —> RO 
F3 RO,R2,R2 3; a(i-1)*b(i-1) + R2 —> R2 
F3  RO,R2,RO0 ; a(N-1) *b(N-1) + R2 —> RO 


* RETURN SEQUENCE 


POP 
POP 
POP 
POP 
POP 
POP 
RET 


*x* end 


.end 


RC 7; Restore RC 
AR1 ; Restore AR1 
ARO ; Restore ARO 
F R2 ; Restore top 32 bits of R2 
R2 ; Restore bottom 32 bits of R2 
ST ; Restore ST 
S ; Return 


11.2.2 Software Stack 


The TMS320C3x has a software stack whose location is determined by the 
contents of the stack pointer register SP. The stack pointer increments from 
low to high values, and provisions should be made to accommodate the antici- 
pated storage requirements. The stack can be used not only during the subrou- 
tine CALL and RETS, but also inside the subroutine as a place of temporary 
storage of the registers as shown in Example 11—2. SP always points to the 
last value pushed on the stack. 


The CALL and CALLcond instructions push the value of the program counter 
onto the stack, as do the interrupt routines. Then, RETScond and RETicond 
pop the stack and place the value in the program counter. The integer value 
of any register can also be pushed onto and popped off the stack using the 
PUSH and POP instructions. There are two additional instructions, PUSHF 
and POPF, for floating point numbers. These instructions can be used to pop 
and push floating point numbers to registers R7 — RO. This feature is very 
useful for saving all 40 bits of the extended precision registers (see 
Example 11-2). Using PUSH and PUSHF on the same register saves the low- 
er 32 and upper 32 bits. PUSH saves the lower 32; PUSHF, the upper 32. To 
recover this extended precision number, a POPF can be done, followed by 
POP. It is important to do the integer and floating-point PUSH and POP in the 
above order. POPF forces the least significant eight bits of the extended-preci- 
sion registers to zero, and therefore must be performed first. 


The stack pointer (SP) can be read as well as written to. Multiple stacks for 
different program segments may be easily created. SP is not initialized by the 
hardware during reset. It is therefore important to remember to initialize its val- 
ue so that SP points to a predetermined memory location. This avoids the prob- 
lem of SP attempting to write into ROM or over other useful data. 


11.2.3 Interrupt Service Routines 


Interrupts on the TMS320C3x are prioritized and vectored. When an interrupt 
occurs, the corresponding flag is set in the Interrupt Flag Register IF. If the cor- 
responding bit in the Interrupt Enable Register IE is set, and interrupts are en- 
abled by having the GIE bit in the status register set to 1, interrupt processing 
begins. You can also write to the Interrupt flag register, allowing you to force 
an interrupt by software, or to clear interrupts without processing them. 


The Interrupt Flag Register IF can be read, and action can be taken, depending 
on whether the interrupt has occurred. This is true even when the interrupt is 
disabled. This can be useful when an interrupt-driven interface is not implem- 
ented. Example 11—3 shows the case where a subroutine is called when inter- 
rupt 1 has not occurred. 


Example 11-3. Use of Interrupts for Software Polling 
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* TITLE INTERRUPT POLLING 


TSTB 2,IF ; Test if interrupt 1 has occurred 
CALLZ SUBROUTINE ; If not, call subroutine 


When interrupt processing begins, the program counter is pushed onthe stack, 
and the interrupt vector is loaded in the program counter. Interrupts are then 
disabled by setting the GIE=0, and the program continues from the address 
loaded in the program counter. Since all interrupts are disabled, interrupt pro- 
cessing may proceed without further interruption, unless the interrupt service 
routine re-enables interrupts. 


Except for very simple interrupt service routines, it is important to assure that 
the processor context is saved during execution of this routine. The context 


- must be saved before you execute the routine itself, and restored after the rou- 


tine is finished. The procedure is called context switching. Context switching 
is also useful for subroutine calls, especially when extensive use is made of 
the auxiliary and the extended precision registers. Code examples of context 
switching and an interrupt service routine are provided in this section. 
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11.2.3.1 Context Switching 


Context switching is commonly required when processing a subroutine call or 
an interrupt. It may be quite extensive or simple, depending on system require- 
ments. On the TMS320C3x, the program counter is automatically pushed onto 
the stack. Important information in other TMS320C3x registers, such as the 
status, auxiliary, or extended-precision registers, must be saved by special 
commands. In order to preserve the state of the status register, it should be 
pushed first and popped last. This avoids the effects on the status register that 
result when the extended precision registers are restored. 


Example 11-4 and Example 11-5 show saving and restoring of the 
TMS320C3x state. In both examples, the stack is used for saving the registers, 
and it expands towards higher addresses. If you don’t want to use the stack 
pointed at by SP, you can create a separate stack by using an auxiliary register 
as the stack pointer. Registers saved in these examples: 


Gi Extended-precision registers R7 through RO, 
Auxiliary registers AR7 through ARO, 
Data-page pointer DP, 

Index registers IRO and IR1, 

Block-size register BK, 

Status register ST, 

Interrupt-related registers IE and IF, 


I/O flag IOF, 


ee ee Oe ee Se Se Se 


Repeat-related registers RS, RE, and RC. 
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Example 11-4. Context-Save for the TMS320C3x 


* TITLE CONTEXT-SAVE FOR THE TMS320C3:x 


-global 


SAVE 


* CONTEXT SAVE ON SUBROUTINE CALL OR INTERRUPT. 


SAVE: 
PUSH 


* 


ST 


. 
, 


Save status register 


* SAVE THE EXTENDED PRECISION REGISTERS 


* 


PUSH 
PUSHE 
PUSH 
PUSHF 
PUSH 
PUSHF 
PUSH 
PUSHF 
PUSH 
PUSHF 
PUSH 
PUSHF 
PUSH 
PUSHF 
PUSH 
PUSHF 


+ 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 


ARO 
ARI 
AR2 
AR3 
AR4 
AR5 
AR6 
AR7 


* SAVE THE REST 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 


* 
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Save the lower 32 bits of RO 
and the upper 32 bits 
Save the lower 32 bits of Rl 
and the upper 32 bits 
Save the lower 32 bits of R2 
and the upper 32 bits 
Save the lower 32 bits of R3 
and the upper 32 bits 
Save the lower 32 bits of R4 
and the upper 32 bits 
Save the lower 32 bits of R5) 
and the upper 32 bits 
Save the lower 32 bits of R6 
and the upper 32 bits 
Save the lower 32 bits of R7 
and the upper 32 bits 


SAVE THE AUXILIARY REGISTERS 


Save ARO’ 
Save AR1 


. Save AR2 


Save AR3 
Save AR4 
Save AR5 
Save AR6 
Save AR7 


REGISTERS FROM THE REGISTER FILE 


be i i ea et ie | 


_ SAVE IS COMPLETE 


Save data page pointer 
Save index register IRO 
Save index register IR1 


Save block-size register 


Save interrupt enable register 


Save interrupt flag register 
Save I/O flag register 

Save repeat start address 
Save repeat end address 

Save repeat counter 
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Example 11-5. Context-Restore for the TMS320C3x 


* 


* TITLE CONTEXT-RESTORE: FOR THE TMS320C3x 


* 


-global RESTR 


* 


Program Control 


* CONTEXT RESTORE AT THE END OF A SUBROUTINE CALL OR INTERRUPT. 


* 


RESTR: 
* 


* RESTORE THE REST REGISTERS FROM THE REGISTER FILE 


* 


POP 
POP 
POP 
POP 
POP 
POP 


POP 
POP 
POP 
POP 


“oe Ne Me Ne Se Me 
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Restore repeat counter 
Restore repeat end address 
Restore repeat start address 
Restore I/O flag register 


Restore interrupt flag register 


Restore interrupt enable register 


Restore block-size register 
Restore index register IR1 
Restore index register IRO 
Restore data page pointer 


* RESTORE THE AUXILIARY REGISTERS 


POP 


POP 
POP 
POP 
POP 
POP 
POP 
POP 


+ 


POPF 
POP 
POPF 
POP 
POPF 
POP 
POPF 
POP 
POPF 
POP 
POPF 
POP 
POPF 
POP 
POPF 
POP 
POP 


* RESTORE IS COMPLETE 
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Restore AR7 
Restore AR6 
Restore AR5 
Restore AR4 
Restore AR3 
Restore AR2 
Restore AR1 
Restore ARO 


RESTORE THE EXTENDED PRECISION REGISTERS 


Restore the upper 32 bits and 
the lower 32 bits of R7 
Restore the upper 32 bits and 
the lower 32 bits of R6 
Restore the upper 32 bits and 
the lower 32 bits of R5 
Restore the upper 32 bits and 
the lower 32 bits of R4 
Restore the upper 32 bits and 
the lower 32 bits of R3 
Restore the upper 32 bits and 
the lower 32 bits of R2 
Restore the upper 32 bits and 
the lower 32 bits of R1 
Restore the upper 32 bits and 
the lower 32 bits of RO 
Restore status register 


11-13 


SSS ere C a Dov Sars Sarat 


11.2.3.2 Interrupt Priority 


Interrupts on the TMS320C3x are automatically prioritized. This allows inter- 
rupts that occur simultaneously to be serviced in a predefined order. Infre- 
quent, but lengthy, interrupt service routines may need to be interrupted by 
more frequently occurring interrupts. In Example 11-6, the interrupt service 
routine for INT2 temporarily modifies the interrupt enable register (IE) to permit 
interrupt processing when an interrupt to INTO (but no other interrupt) occurs. 
When the routine has finished processing, the IE register is restored to its origi- 
nal state. Notice that the RETIcond instruction not only pops the next program 
counter address from the stack, but also sets the GIE bit of the status register. 
This enables all interrupts that have their interrupt-enable bit set. 


Example 11-6. Interrupt Service Routine 


* TITLE INTERRUPT SERVICE ROUTINE 


* -global ISR2 
ENABLE .set ~2000h 
MASK -set 1 

* 


* INTERRUPT PROCESSING FOR EXTERNAL INTERRUPT INT2— 
* 


ISR2: 
PUSH ST ; Save status register 
PUSH DP ; Save data page pointer 
PUSH IE ; Save interrupt enable register 
PUSH RO + Save lower 32 bits and 
PUSHF RO ; upper 32 bits of RO 
PUSH R1 ; Save lower 32 bits and 
PUSHF R1 ; upper 32 bits of R1 
LDI MASK,I1E 7; Unmask only INTO 
OR ENABLE, ST ; Enable all interrupts 


* 
* MAIN PROCESSING SECTION FOR ISR2 


XOR ENABLE, ST Disable all interrupts 


POPF Ri ; Restore upper 32 bits and 
POP Rl : lower 32 bits of R1 
POPF RO ; Restore upper 32 bits and 
POP RO ; lower 32 bits of RO 
POP IE ; Restore interrupt enable register 
POP DP ; Restore data page register 
POP ST ; Restore status register 
* 
RETI ; Return and enable interrupts 
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11.2.4 Delayed Branches 


The TMS320C3x uses delayed branches to create single-cycle branching. The 
delayed branches operate like regular branches but do not flush the pipeline. 
Instead, the three instructions following a delayed branch are also executed. 
As discussed in Chapter 6, Program Flow Control, the only limitations are that 
none of the three instructions following a delayed branch can be a 


Branch (standard or delayed), 
Calltoa subroutine, 


Return from a subroutine, 


Repeat instruction, 


Ch 

| 

Ch 

Ci Return from an interrupt, 
Gh 

Gi =TRAP instruction, 

Gh 


IDLE instruction. 


Conditional delayed branches use the conditions that exist at the end of the in- 
struction immediately preceding the delayed branch. Sometimes, a branch is 
necessary in the flow of a program, but fewer than three instructions can be 
placed after a delayed branch. For faster execution, it is still advantageous to 
use a delayed branch. This is shown in Example 11-7, with NOPs taking the 
place of the unused instructions. The trade-off is more instruction words for 
less execution time. 


Example 11-7. Delayed Branch Execution 


* TITLE DELAYED BRANCH EXECUTION 


SKIP 


LDF 


*+AR1(5),R2 ; Load contents of memory to R2 
BGED SKIP 3; If loaded number >=0, branch (delayed) 
LDFN R2,R1 3; If loaded number <0, load it to R1 
SUBF 3.0,R1 ; Subtract 3 from Rl 
NOP ; Dummy operation to complete delayed 

; branch 

MPYF 1.5,R1 ; Continue here if loaded number <0 
LDF R1,R3 ; Continue here if loaded number >=0 
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11.2.5 Repeat Modes 


11.2.5.1 Block Repeat 
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The TMS320C3x supports looping without any overhead. For that purpose, 
there are two instructions: RPTB repeats a block of code, and RPTS repeats 
a single instruction. There are three control registers: RS (repeat start ad- 
dress), RE (repeat end address), and RC (repeat counter). These contain the 
parameters that specify loop execution (refer to Section 7.1 for a complete de- 
scription of RPTB and RPTS). RS and RE are automatically set from the code, 
while RC must be set by the user, as shown in the examples below. 


Example 11-8 shows an application ofthe block repeat construct. In this exam- 
ple, an array of 64 elements is flipped over by exchanging the elements that 
are equidistant from the end of the array. In other words, if the original array 
is 


a(1), a(2),..., a(31), a(32),..., a(64); 
the final array after the rearrangement will be 
a(64), a(63),..., a(32), a(31),..., a(1). 


Because the exchange operation is done on two elements at the same time, 
it requires 32 operations. The repeat counter RC is initialized to 31. In general, 
if RC contains the number N, the loop will be executed N +1 times. The loop 
is defined by the RPTB instruction and the EXCH label. 
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Example 11-8. Loop Using Block Repeat 


TITLE LOOP USING BLOCK REPEAT 


* 
* 
‘ * THIS CODE SEGMENT EXCHANGES THE VALUES OF ARRAY ELEMENTS THAT ARE 
* SYMMETRIC AROUND THE MIDDLE OF THE ARRAY. 
* 


LDI @ADDR, ARO ; ARO points to the beginning of the array 
LDI ARO, AR1 
ADDI 63,AR1 ; AR1 points to the end of the 
* : 7; 64- element array 
LDI 31,RC ; Initialize repeat counter 
* y 
RPTB EXCH ; Repeat RC+1 times between here and 
* ; EXCH 
LDI *ARO,RO ; Load one memory element in RO, 
| | LDI *AR1,R1 ; and the other in Rl 
EXCH STI R1, *ARO++(1); Then, exchange their locations 


| | STI RO, *AR1——(1) 


Subsection 6.1.2 specifies restrictions in the block-repeat construct. Because 
the program counter is modified at the end of the loop according to the contents 
of the registers RS, RE, and RC, no operation should attempt to modify the re- 
peat counter or the program counter at the end of the loop in a different way. 


In principle, it is possible to nest repeat blocks. However, there is only one set 
of control registers: RS, RE; and RC. It is therefore necessary to save these 
registers before entering an inside loop. It may be more economical to imple- 
ment a nested loop by the more traditional method of using a register as a 
counter and then using a delayed branch rather than using the nested repeat 
block approach. , 


Example 11-9 shows another example of using the block repeat to find a maxi- 
mum of 147 numbers. 


11-17 


BLAND LEE IIL EEL ORL EES ELLER LALLA EEDA LES 


Example 11-9. Use of Block Repeat to Find a Maximum 


* 

* 

* TITL USE OF BLOCK REPEAT TO FIND A MAXIMUM 

* 

* THIS ROUTINE FINDS THE MAXIMUM OF N=147 NUMBERS 

* 
LDI 146,RC ; Initialize repeat counter to 147-1 
LDI @ADDR, ARO ; ARO points to the beginning of the array 
LD *ARO++(1),RO; Initialize MAX to the first value 

* 
RPTB LOOP . 
CMPF *ARO++(1),RO; Compare number to the maximum 


LOOP LDFLT *—-ARO(1),RO ; If greater, this is a new maximum 


11.2.5.2 Single-Instruction Repeat 
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The single-instruction repeat uses the control registers RS, RE, and RC in the 
same way as the block repeat. The advantage over the block repeat is that the 
instruction is fetched only once, and then the buses are available for moving 
operands. One difference to note is that the single-instruction repeat construct 
is not interruptible, while block repeat is interruptible. . 


Example 11-10 shows an application of the repeat-single construct. In this ex- 
ample, the sum of the products of two arrays is computed. The arrays are not 
necessarily different. If the arrays are a(i) and b(i), each of length N = 512, reg- 
ister RO will contain, after computation, this quantity: 


a (1) b (1) +a (2) b (2) +...4 a (N) b (N). 


The value of the repeat counter (RC) is specified to be 511 in the instruction. 
lf RC contains the number N, the loop will be executed N +1 times. 
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Example 11-10. Loop Using Single Repeat 


* 


TITL LOOP USING SINGLE REPEAT 


THIS CODE SEGMENT COMPUTES SUM[a(i)b(i)] FOR i= 1toN 
LDI @ADDR1, ARO ; ARO points to array a(i) 
LDI @ADDR2,AR1 ; AR1 points to array b(i) 
LDF 0.0,R0 ; Initialize RO 
MPYF3 *ARO++(1),*AR1++(1),R1 
7; Compute first product 
RPTS 511 ; Repeat 512 times 
MPYF3 *ARO++(1),*AR1++(1),R1,RO ; Compute next product 
ADDF3 R1,RO,RO ; and accumulate the previous one 
ADDF R1,RO ; One final addition 
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11.2.6 Computed GOTO’s 


Occasionally, it is convenient to select during runtime, and not during assem- 
bly, the subroutine to be executed. The TMS320C3x’s computed GOTO sup- 
ports this selection. The computed GOTO is implemented using the CALLcond 
instruction in the register addressing mode. This instruction uses the contents 
of the register as the address of the call. Example 11-11 shows the case of 
a task controller. . 


Example 11-11. Computed GOTO 
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TITL COMPUTED ' GOTO 


TASK CONTROLLER 


THIS MAIN ROUTINE CONTROLS THE ORDER OF TASK EXECUTION(6 TASKS 
IN THE PRESENT EXAMPLE). TASKO THROUGH TASKS ARE THE NAMES OF 
SUBROUTINES TO BE CALLED. THEY ARE EXECUTED IN ORDER, TASKO, 
TASK1, . . .TASKS. WHEN AN INTERRUPT OCCURS, THE INTERRUPT 


WITH THE INSTRUCTION FOLLOWING THE IDLE INSTRUCTION. THIS 
ROUTINE SELECTS THE TASK APPROPRIATE FOR THE CURRENT CYCLE, 
CALLS THE TASK AS A SUBROUTINE, AND BRANCHES BACK TO THE IDLE 
TO WAIT FOR THE NEXT SAMPLE INTERRUPT WHEN THE SCHEDULED TASK 
HAS COMPLETED EXECUTION. RO HOLDS THE OFFSET FROM THE BASE 
ADDRESS OF THE TASK TO BE EXECUTED. 


WAIT 


* 
TSKSEQ 


ADDR 


* 
* 
* 
* 
* 
* 
* 
* 
* SERVICE ROUTINE IS EXECUTED, AND THE PROCESSOR CONTINUES 
* 
* 
* 
* 
* 
* 
* 
* 


LDI 5,R0 ; Initialize RO 

LDI @ADDR, AR1 7; AR1 holds the base address of the table 

IDLE ; Wait for the next interrupt 

ADDI3 *AR1,RO,AR2 ; Add the base address to the table 
; Entry number 

SUBI 1,R0 ; Decrement RO 

LDILT 5,R0 ; If RO<O, reinitialize it to 5 

LDI *AR2,R1 : Load the task address 

CALLU Rl ; Execute appropriate task 

BR WAIT 

-word TASK5 ; Address of TASKS 

.word TASK4 ; Address of TASK4 

-word TASK3 ; Address of TASK3 

.word TASK2 ; Address of TASK2 

.word TASK1 ; Address of TASK1 

.word TASKO ; Address of TASKO 

-word TSKSEQ 
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11.3 Logical and Arithmetic Operations 


The TMS320C3x instruction set supports both integer and floating-point arith- 

* metic and logical operations. The basic functions of such instructions can be 
combined to form more complex operations. This section examines examples 
of these operations: 


Bit manipulation 

Block moves 

Bit-reversed addressing 

Integer and floating-point division 
Square root 


Extended-precision arithmetic 


Oooo of oo fb 


Floating-point format conversion between IEEE and TMS320C3x formats 


11.3.1 Bit Manipulation 


Instructions for logical operations, such as AND, OR, NOT, ANDN, and XOR, 
can be used together with the shift instructions for bit manipulation. A special 
instruction, TSTB, tests bits. TSTB does the same operation as AND, but the 
result of the logical AND is used only to set the condition flags and is not written 
anywhere. Example 11-12 and 11-13 demonstrate the use of the several in- 
structions for bit manipulation and testing. 


Example 11-12. Use of TSTB for Software-Controlled Interrupt 


+ + FF FH 


TITLE USE OF TSTB FOR SOFTWARE-CONTROLLED INTERRUPT 


IN THIS EXAMPLE, ALL INTERRUPTS HAVE BEEN DISABLED BY 
RESETTING THE GIE BIT OF THE STATUS REGISTER. WHEN AN 
INTERRUPT ARRIVES, IT IS STORED IN THE IF REGISTER. THE 
PRESENT EXAMPLE ACTIVATES THE INTERRUPT SERVICE ROUTINE INTR 


WHEN IT DETECTS THAT INT2— HAS OCCURRED. 


TSTB 0100b, IF ; Check if bit 2 of IF is set, 
CALLNZ INTR ; and, if so, call subroutine INTR 
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Example 11-13. Copy a Bit From One Location to Another 


TITLE COPY A BIT FROM ONE LOCATION TO ANOTHER 


BIT I OF R1 NEEDS TO BE COPIED TO BIT J OF R2. 
ARO POINTS TO A LOCATION HOLDING I, AND IT IS ASSUMED THAT THE 
NEXT MEMORY LOCATION HOLDS THE VALUE J. 


+ + XH 


R1 


R2 


* (ARO+1) 


I 
1 
J 
1 
| i 


LDI 1,R0 
LSH *ARO,RO > Shift i te align Le with: biti 
: TSTB R1,RO ; Test the I-th bit of R1 
BZD CONT ; If bit = 0, branch delayed 
LDI 1,R0 
LSH *+ARO(1),RO ; Align 1 with J-th location 
ANDN RO,R2 ; If bit = 0, reset J-th bit of R2 
OR RO, R2 3; If bit = 1, set J-th bit of R2 


CONT 
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Since the TMS320CS8x directly addresses a large amount of memory, blocks 
of data or program code can be stored off-chip in slow memories and then 
loaded on-chip for faster execution. Data can also be moved from on-chip to 
off-chip for storage or for multiprocessor data transfers. 


Such data transfers can be accomplished efficiently in parallel with CPU opera- 
tions, using the DMA. The DMA operation is explained in detail in subsection 
8.3 on page 8-38. An alternative to DMA is to perform data transfers under pro- 
gram control using load and store instructions in a repeat mode. 
Example 11-14 shows the transfer of a block of 512 floating-point numbers 
from external memory to block 1 of the on-chip RAM. 


Example 11-14, Block Move Under Program Control 


* TITLE BLOCK MOVE UNDER PROGRAM CONTROL 
* 


extern .word 01000H 
blockl .word 0809C00H 
LDI @extern,ARO ; Source address 
LDI @block1,AR1 ; Destination address 
LDF *ARO++, RO ; Load the first number 
RPTS 510 ; Repeat following instruction 511 times 
LDF *ARO++, RO ; Load the next number, and... 
| | STE RO, *AR1++ 7; store the previous’ one 
; Store the last number 


STF RO, *AR1 


11.3.3 Bit-Reversed Addressing 


The TMS320C3x can implement Fast Fourier Transforms (FFT) with bit-rev- 
ersed addressing. If the data to be transformed is in the correct order, the final 
result of the FFT is scrambled in bit-reversed order. To recover the frequency- 
domain data in the correct order, certain memory locations must be swapped. 
The bit-reversed addressing mode makes swapping unnecessary. The next 
time data needs to be accessed, the access is done in a bit-reversed manner 
rather than sequentially. The base address of bit-reversed addressing must be 
located on a boundary of the size of the table. For example, if RO = 2"-1, the 
n LSBs of the base address must be zero (0). 


In bit-reversed addressing, IRO holds a value equal to one-half the size of the 
FFT, if real and imaginary data are stored in separate arrays. During accessing, 
the auxiliary register is indexed by IRO, but with reverse carry propagation. 
Example 11-15 illustrates a 512-point complex FFT being moved from the 
place of computation (pointed at by ARO) to a location pointed at by AR1. In 
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this example, real and imaginary parts XR(i) and XI(i) of the data are not stored 
in separate arrays, but they are interleaved XR(O), XI(0), XR(1), XI(1), ..., 
XR(N-1), XI(N-1). Because of this arrangement, the length of the array is 2N 


instead of N, and IRO is set to 512 instead of 256. 


Example 11-15. Bit-Reversed Addressing 


4+ Fe FH 


TITLE BIT~REVERSED ADDRESSING 


THIS EXAMPLE MOVES THE RESULT OF THE 512-POINT FFT 
COMPUTATION, POINTED AT BY ARO, TO A LOCATION POINTED AT 


BY AR1. 


LDI 
LDI 
LDI 
LDF 
RPTB 


LDF 
STF 


LOOP LDF 


STF 


512, IRO 
2,IR1 
511,RC 
*+ARO(1),R1 
LOOP 


*ARO++(IRO)B,RO ; 


R1, *+AR1 (1) 


*+ARO(1),R1 
RO, *AR1++ (IR1) 


, 


. 
, 


REAL AND IMAGINARY POINTS ARE ALTERNATING. 


Repeat 511+1 times 
Load first imaginary point 


Load real value (and point 

to next location) and store 

the imaginary value 

Load next imaginary point and store 
previous real value 


11.3.4 Integer and Floating-Point Division 


Although division is not implemented as a single instruction in the TMS320C3x, 
the instruction set has the capacity to perform an efficient division routine. Inte- 
ger and floating-point division are examined separately because different algo- 
rithms are used. 


11.3.4.1 Integer Division 
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Division is implemented on the TMS320C3x by repeated subtractions using 
SUBC, a special conditional subtract instruction. Consider the case of a 32-bit 
positive dividend with i significant bits (and 32 —i sign bits), and a 32-bit posi- 
tive divisor with j significant bits (and 32 —j sign bits). The repetition of the 
SUBC command i —j +1 times produces a 32-bit result where the lower i —j +1 
bits are the quotient, and the upper 31 —i + j bits are the remainder of the divi- 
sion. 


SUBC implements binary division in the same manner as long division. The di- 
visor (assumed to be smaller than the dividend) is shifted left i —j times to be 
aligned with the dividend. Then, using SUBC, the shifted divisor is subtracted 
from the dividend. For each subtract that does not produce a negative answer, 
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the dividend is replaced by the difference. It is then shifted to the left, andaone 
is put in the LSB. If the difference is negative, the dividend is simply shifted left 
by one. This operation is repeated i —j +1 times. 


As an example, consider the division of 33 by 5 using both long division and 
the SUBC method. In this case, i= 6, j = 3, and the SUBC operation is re- 
peated 6 —3 +1 = 4 times. 


LONG DIVISION: 
00000000000000000000000000000110 Guolient 
00000000000000000000000000000101 00000000000000000000000000100001 
~101 
1101 
~101 
11 Remainder 
SUBC METHOD: 
00000000000000000000000000100001 _ ~=— Dividend 
00000000000000000000000000101000 __Divisor (aligned) . 


Negative difference 


00000000000000000000000000100010 
00000000000000000000000000101000 


Ore ee cere ogi ys 010 


00000000000000000000000000110101 
00000000000000000000000000101000 


See eee 01 


00000000000000000000000000011011 
00000000000000000000000000101000 


Negative difference 


00000000000000000000000000110110 


Remainder 


(1st SUBC command) 


New Dividend + Quotient 
Divisor 
Difference (>0) (2nd SUBC command) 


New Dividend + Quotient 
Divisor 
Difference (>0) (8rd SUBC command) 


New Dividend + Quotient 
Divisor 
(4th SUBC command) 


Final Result 


_When the SUBC command is used, both the dividend and the divisor must be 
positive. Example 11-16 shows a realization of the integer division in which the 
sign of the quotient is properly handled. The last instruction before returning 
modifies the condition flag in case subsequent operations depend on the sign 
of the result. 
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Example 11-16. Integer Division 


% 


TITLE INTEGER DIVISION 


* 


SUBROUTINE DIVI 


* 
* 
* INPUTS: _ SIGNED INTEGER DIVIDEND IN RO, 
* SIGNED INTEGER DIVISOR IN Rl. 
* 
* OUTPUT: RO/R1 into RO. 
* 
* REGISTERS USED: RO-R3, IRO, IR1 
* 
* OPERATION: 1. NORMALIZE DIVISOR WITH DIVIDEND 
* 2. REPEAT SUBC 
* 3. QUOTIENT IS IN LSBs OF RESULT 
* 
* CYCLES: 31-62 (DEPENDS ON AMOUNT OF NORMALIZATION) 
* 
-globl DIVI 
SIGN set R2 
TEMPF .set R3 
TEMP -set IRO 
COUNT .set IR1 


* DIVI — SIGNED DIVISION 


DIVI: 
* 


* DETERMINE SIGN OF RESULT. GET ABSOLUTE VALUE. OF OPERANDS. 
* 


XOR RO,R1,SIGN ; Get the sign 
ABSIT RO 
ABSI R1 
CMP TI RO,R1 ; Divisor > dividend ? 
BGTD ZERO ; If so, return 0 
* 
* NORMALIZE OPERANDS. USE DIFFERENCE IN EXPONENTS AS SHIFT COUNT 
bad FOR DIVISOR, AND AS REPEAT COUNT FOR ’SUBC’. 
* 
FLOAT RO, TEMPF ; Normalize dividend 
PUSHF TEMPF ; PUSH as float 
POP COUNT ; POP as int 
LSH —24, COUNT ; Get dividend exponent 
FLOAT R1, TEMPF ; Normalize divisor 
PUSHF TEMPF ; PUSH as float 
POP TEMP ; POP as int 
LSH —24, TEMP ; Get divisor exponent 
SUBI TEMP, COUNT ; Get difference in exponents 
LSH COUNT, R1 ; Align divisor with dividend 
* 
pak DO COUNT+1 SUBTRACT & SHIFTS. 
RPTS COUNT 
SUBC R1,RO 
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* MASK OFF THE LOWER COUNT+1 BITS OF RO 
x 


* 
* 


SUBRI 31, COUNT + Shift count is (32 — (COUNT+1) ) 
LSH COUNT, RO 7 Shift left 

NEGI | COUNT 

LSH COUNT, RO * Shift right to get result 


CHECK SIGN AND NEGATE RESULT IF NECESSARY. 


NEGI - RO,RI1 i Negate result 
ASH —31, SIGN 7 Check sign 
LDINZ R1, RO ; If set, use negative result 
CMPI 0,RO 7, Set status from result 
RETS 

* 

* RETURN ZERO. 

* 

ZERO: 
LDI 0,RO 
RETS 
-end 


If the dividend is less than the divisor and you want fractional division, you can 
perform a division after you determine the desired accuracy of the quotient in 
bits. If the desired accuracy is k bits, start by shifting the dividend left by k posi- 
tions. Then apply the algorithm described above, where i should now be re- 
placed by i +k. It is assumed that i + k is less than 32. 


11.3.4.2 Computation of Floating-Point Inverse and Division 


This section presents a method of implementing floating-point division on the 
TMS320C3x. Since the algorithm outlined here computes the inverse of a 
number v, to divide y/v, multiply y by the inverse of v. 


The computation of 1/v is based on the following iterative algorithm. At the i-th 
iteration, the estimate x [i] of 1/v is computed from v, and the previous esti- 
mate x[i-1] according to the formula: 


x[i]=x[i-1]* (2.0-v* x[i-1)) 


To start the operation, an initial estimate x [O]is needed. If v=a*2°, a goodinitial 
estimate is 


x [0] = 1.0*2-e-1 


Example 11-17 shows the implementation of this algorithm on the 
TMS320C3x, where the iteration has been applied 5 times. Both accuracy and 
speed are affected by the number of iterations. The accuracy offered by the 
single-precision floating-point format is 2 — 23 = 1.192E — 7. If you want more 
accuracy, use more iterations. If less accuracy is acceptable, reduce the num- 
ber of iterations to increase the execution speed of this implementation. 


This algorithm properly treats the boundary conditions when the input number 
either is zero or has a very large value. When the input is zero, the exponent 
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=— 128. Then the calculation of x [0] yields an exponent equal to 

— (— 128) — 1 = 127, and the algorithm will overflow and saturate. On the other 

hand, in the case of a very large number, e = 127, the exponent of x [0] will be 

~— 127-1 =-— 128. This will cause the algorithm to yield zero, which is a rea- 
sonable handling of that boundary condition. 
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Example 11-17. Inverse of a Floating-Point Number 


TITL INVERSE OF A FLOATING—POINT NUMBER 
SUBROUTINE INVF 
THE FLOATING-POINT NUMBER v IS STORED IN RO. AFTER THE 
COMPUTATION IS COMPLETED, 1/v IS ALSO STORED IN RO. 
TYPICAL CALLING SEQUENCE: 

LDF v, RO 

CALL INVF 


ARGUMENT ASSIGNMENTS: 
ARGUMENT | FUNCTION 


RO | v = NUMBER TO FIND THE RECIPROCAL OF (UPON THE CALL) 
RO | 1/v (UPON THE RETURN) 


REGISTER USED AS INPUT: RO 
REGISTERS MODIFIED: RO, R1, R2, R3 
REGISTER CONTAINING RESULT:. RO 


CYCLES: 35 WORDS: 32 


+ Fe HF FF F FH HF FH HHH HH HH HX HF HF KK * 


-gJlobal INVF 
* 


INVF: LDF RO, R3 + v is saved for later. 
ABSF RO + The algorithm uses v = |v[. 


* EXTRACT THE EXPONENT OF v. 


PUSHF RO 
POP Rl 
ASH —24,R1 # The 8 LSBs of R1 contain the exponent 
* 7; of v. 
* 
* x{0] FORMATION GIVEN THE EXPONENT OF v. 
* : 
NEGI R1 : 
SUBI 1,R1 ; Now we have —e-1, the exponent of x[0]. 
ASH 24,R1 
PUSH Rl 
POPF R1 7 Now R1 = x[0] = 1.0 * 2** (—e-1). 
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NOW THE ITERATIONS BEGIN. 


MPYF R1,RO,R2 ; R2 =v * x[0] 
SUBRF 2.0,R2 ; R2=2.0-—-v * x[0] 
MPYF R2,R1 o RL Se xf) = x0] * (220. — ¥ * x[0]) 
MPYF R1,RO,R2 ; R2 =v * x1) 
SUBRF 2.0,R2 ; R2 =2.0-v * x[1] 
MPYF R2,R1 ; Rl = x[2] = x{1] * (2.0 -v * x[1]) 
MPYF R1,RO,R2 ; R2 =v * x[2] 
SUBRF 2.0,R2 e R2-= 2,0 -—v* x{2] 
MPYF R2,R1 ; Rl = x(3] = x[2] * (2.0 ~v * x[2]) 
MPYF R1,RO,R2  ; R2 =v * x[3] 
SUBRF 2.0,R2 ; R2 = 2.0 —v * x[3] 
MPYF R2,R1 RS fa] = x13) * 2.0 — a * x31) 
RND Rl ; This minimizes error in the LSBs. 
FOR THE LAST ITERATION WE USE THE FORMULATION: 
x{5] = (x({4] * (1.0 — (v * x[4]))) + x14] 
MPYF R1,RO,R2 ; R2 =v * x[4]) =1.0..01.. => 1 
SUBRF 1.0,R2 3; R2 = 2.0 = Soe]. SH 0s 02 2 Oleea =F 0 
MPYF R1,R2 ; R2 = x[4] * (1.0 -—v * x[4]) 
ADDF R2,R1 ; R2 = x{5) = (x[4]*(1.0—(v*x[4])))+x(4] 
RND R1,RO ; Round since this is follow by a MPYF. 


* NOW THE CASE OF v < 0 IS HANDLED. 


* 


END 


11.3.5 Square Root 
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NEGF RO, R2 


LDF R3,R3 ; This sets condition flags. 
LDFN R2,RO0 3 If v < 0, then RO = —RO 
RETS 

.end 


An iterative algorithm computes square root on the TMS320C3x and is similar 
to the one used for the computation of the inverse. This algorithm computes 
the inverse of the square root of a number v, 1/SQRT(v). To derive SQRT(v), 
multiply this result by v. Since in many applications, division by the square root 
of anumber is desirable, the output of the algorithm saves the effort to a als 
the inverse of the square root. 


At the i-th iteration, the estimate x[ i] of 1/SQRT(v) is computed from v and the 
previous estimate x{i-1] according to this formula: 


x [i] =x [i-4]* (1.5 (w/2) * x [i-1]* x fi- 1) 


Software Applications 


RERUNS TOMER GANA Gee ae ea ae aaa aaa ocean ance ate aetatasetamoeeanartenareeaeaesetaten ten eneeeae essen Stataenet NaN Na ON UNNI TE SSNaa aint totes aanateatetataate tat ttatanetnataNe ate Oe AG TTS AAMT ONO SENN TCO MC TTT PLING ONIN LEED LE AEE OEE LAL EEL LEELA PEERLESS, 


To start the operation, an initial estimate x[0] is needed. If v = a*2°, a good ini- 
tial estimate is . 


x [0] = 1.0*2-e/2 


Example 11-18 shows the implementation of this algorithm on the 
TMS320C3x, where the iteration has been applied 5 times. Both accuracy and 
speed are affected by the number of iterations. If you want more accuracy, use 
more iterations. If less accuracy is acceptable, reduce the number of iterations 
to increase the execution speed of this implementation. 
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Example 11-18. Square Foot of a Floating-Point Number 
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TITLE SQUARE ROOT OF A FLOATING-—POINT NUMBER 


SUBROUTINE SORT 


THE FLOATING POINT NUMBER v IS STORED IN RO. AFTER THE 
COMPUTATION S COMPLETED, SQRT(v) IS ALSO STORED IN RO. 
THAT THE ALGORITHM ACTUALLY COMPUTES 1/SORT(v). 


TYPICAL CALLING SEQUENCE: 


LDF v, RO 
CALL SQRT 


ARGUMENT ASSIGNMENTS: 
ARGUMENT| FUNCTION 
ee ee ee oe oe $+ a an nr ern eer eee 
RO | v= NUMBER TO FIND THE SQUARE ROOT OF 
| (UPON THE CALL) 
RO | SQRT(v) (UPON THE RETURN) 
REGISTER USED AS INPUT: RO 
REGISTERS MODIFIED: RO, R1, R2, R3 
REGISTER CONTAINING RESULT: RO 


CYCLES: 50 WORDS: 39 
-global SQRT 


EXTRACT THE EXPONENT OF V. 


SQRT: LDF RO,R3 ; Save v 
RETSLE ; Return if number non-positive 


+ + HF 


> 


bs 


PUSHF RO 
POP Rl 


ASH —24,R1 The 8 LSBs of R1 contain the 


OLEATE TOOL ELD ERE LTE LEP EEESL SELLE ELLE SLEEP EIEELLL EEE EEO SEER LANE AER EE 


NOTE 


exponent of v. 


ADDI 1,R1 ; Add a rounding bit in the exponent 
? 


ASH ~1,R1 e/2 


X[0] FORMATION GIVEN THE EXPONENT OF V. 


NEGI Ri 

ASH 24,R1 

PUSH R11 

POPF R1 3 Now RL = =[0]} = 1.0 * 2**(-e/2). 


GENERATE V/2. 


4 


MPYF 0.25,R0 ; V/2 and take rounding bit out 


NOW THE ITERATIONS BEGIN. 


MPYF R1,R1,R2 7; R2 = x[0] * x[0] 
MPYF RO, R2 ; R2 = (v/2) * =[0) * =[0] 
SUBRF 1.5,R2 ; R2 = 1.5 — (v/2) * x[0}) * x[0] 
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MPYF 
* 
RND 
MPYF 
MP YF 
SUBRF 
MPYF 
* 
RND 
MPYF 
MPYF 
SUBRF 
MPYF 
* 
RND 
* 
MPYF 
MPYF 
SUBRFE 
MPYF 
* 
RND 
* 
MPYF 
MPYF 
SUBRF 
MPYF 
* 
* 
* 
RND 
* 
MPYF 
* 
RETS 
* 
* end 
* 
-end 


R2,R1 


Ri 
R1,R1,R2 
RO, R2 
1.5 ;,R2 
R2,R1 


Rl 
R1,R1,R2 
RO,R2 
Lop Re 
R2,R1 


Rl 


R1,R1,R2 
RO, R2 


LeapRe 
R2,RL 


Rl 


. R1,R1,R2 


RO, R2 


1: 5g Re 
R2,R1 


R1,RO 


R3, RO 


Ne Ne Ne 


R1 


R2 
R2 
R2 
Rl 


R2 
R2 
R2 
R1 


R2 
R2 
R2 
Rl 


R2 
R2 
R2 
Ri 
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= x[1} = x[0] * 
(1.5 -— (v/2)*x[0]*x[0]) 


= x{1] * x[1]) 

= (v/2) * x{1) * x[1] 
=1.5 — (v/2) * x[1] * x[1] 
= x[2] = x[1] * 

(1.5 — (v/2)*x[1]*x[1]) 


= x[2] * x[2] 

= (v/2) * x[{2]) * x[2] 

= 1.5 -— (v/2) * x[2] * x[2] 
= x[(3] = x[2] 

* (1.5 — (v/2)*x[2]*x[2]) 


= x[{3)] * x[3] 

= (v/2) * x[3] * x[3] 

= 1.5 — (v/2) * x[3] * x[3] 
= x(4) = x[3] 

* (1.5 — (v/2) *x[3]*x[3]) 


= x[{4] * x[4] 

(v/2) * x[{4] * x[4] 

= 1.5 — (v/2) * x[{4} * x[4] 
= x15). = 214] 

eb = Cy fe) esa eu (4)) 


Round 


Sqrt(v) from sqrt (v**(-1)) 


SoS 
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11.3.6 Extended-Precision Arithmetic 
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The TMS320C3x offers 32 bits of precision for integer arithmetic, and 24 bits 
of precision in the mantissa for floating-point arithmetic. For higher precision 
in floating-point operations, the eight extended-precision registers R7 to RO 
contain eight additional bits of accuracy. Since no comparable extension is 
available for fixed-point arithmetic, this section discusses how fixed-point 
double precision can be achieved by using the capabilities of the processor. 
The technique consists of performing the arithmetic by parts, similar to the way 
in which longhand arithmetic is done. 


In the instruction set, operations ADDC (Add with Carry) and SUBB (Subtract 
with Borrow) use the status carry bit for extended-precision arithmetic. The 
carry bit is affected by the arithmetic operations of the ALU and by the rotate 
and shift instructions. It can also be manipulated directly by setting the status 


register to certain values. For proper operation, the overflow mode bit should 


be reset (OVM = 0) so the accumulator results will not be loaded with the satu- 
ration values. Example 11-19 and Example 11-20 show 64-bit addition and 
64-bit subtraction. The first operand is stored in the registers RO (low word) and 
R1 (high word). The second operandis stored in R2 and R3, respectively. The 
result is stored in RO and R1. 
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Example 11-19. 64-Bit Addition 


* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


TITLE 64—-BIT ADDITION 


TWO 64—BIT NUMBERS ARE ADDED TO EACH OTHER PRODUCING 


A 64-BIT RESULT. THE NUMBERS X (R1,RO) AND Y (R3,R2) 
ADDED, RESULTING IN W (R1,R0). 


Rl RO 
+ R3 R2 

Rl RO 
ADDI R2,RO 
ADDC R3,R1 


Example 11-20. 64-Bit Subtraction 


he Oe eH OH HOH 


TITLE 64—-BIT SUBTRACTION 


TWO 64—-BIT NUMBERS ARE SUBTRACTED FROM EACH OTHER 


PRODUCING A 64—-BIT RESULT. THE NUMBERS X (R1,RO) AND 
Y (R3,R2) ARE SUBTRACTED, RESULTING IN W (R1,R0). 


Rl RO 
+ R38 R2 

Rl RO 
SUBI R2,R0 
SUBB R3,R1 


When two 32-bit numbers are multiplied, a 64-bit product results. The proce- 
dure for multiplication is to split the 32-bit magnitude values of the multiplicand 
X and the multiplier Y into two parts (X1,X0) and (X3,X2), respectively, with 16 
bits each. The operation is done on unsigned numbers, and the product is ad- 

- justed for the sign bit. Example 11-21 SHOWS the implementation of a 32-bit by 
32-bit multiplication. 
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Example 11-21. 32-Bit by 32-Bit Multiplication 
TITLE 32 X 32. BIT MULTIPLICATION 


SUBROUTINE EXTMPY 


FUNCTION: TWO 32-BIT NUMBERS ARE MULTIPLIED, PRODUCING A 64—-BIT 
RESULT. THE TWO NUMBERS (X and Y) ARE EACH SEPARATED INTO TWO 
PARTS (X1 X0) AND (Y1 YO), WHERE XO, X1, YO, AND Y1 ARE 16 BITS. 
THE TOP BIT IN X1 AND Yl IS THE SIGN BIT. THE PRODUCT IS 

IN TWO WORDS (WO AND W1). THE MULTIPLICATION IS PERFORMED ON 
POSITIVE NUMBERS, AND THE SIGN IS DETERMINED AT THE END. 


X1 X0 BITS OF PRODUCTS 
x Yi YO (NOT COUNTING SIGN) PRODUCT 
x0*YO 16+16 Pi 
XxO*Y1 16+16 P2 
X1*Y0 16+16 P3 
X1*Y1 16+16 P4 
Wi wo 


ARGUMENT ASSIGNMENTS: 
ARGUMENT | FUNCTION 


RO | MULTIPLIER AND LOW WORD OF THE PRODUCT 
Rl | MULTIPLICAND AND UPPER WORD OF THE PRODUCT 


REGISTERS USED AS INPUT: RO, R1 
REGISTERS MODIFIED: RO, R1, R2, R3, R4, ARO, ARI, 
REGISTER CONTAINING RESULT: RO,R1 


CYCLES: 28 (WORST CASE) WORDS: 25 


+e HF Fe FF FF HF HF HK FHF FH HF HF FH HF HF KH HF FHA KA He FAX HH HK 


-global EXTMPY 


EXTMPY XOR3 RO,R1,ARO ; Store sign 
ABSI RO ; Absolute values of X 
ABSI Rl i and Y 


* SEPARATE MULTIPLIER AND MULTIPLICAND INTO TWO PARTS 


LDI —16,AR1 

LSH3 AR1,RO,R2 ; R2 = Xl = Upper 16 bits of X 
AND OFFFFH, RO ; RO = XO = Lower 16 bits of X 
LSH3 AR1,R1,R3 , R3 = Yl = Upper 16 bits of Y 
AND OFFFFH,R1 ; Rl = YO = Lower 16 bits of Y 


+ 


CARRY OUT THE MULTIPLICATION 


MPYI3 RO,R1,R4 ; X0*YO = Pl 
MPYI R3, RO ; XO*Y1 = P2 
MPYTI R2,R1 ; X1*YO = B3 
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+ 


DONE 


NOT 
ADDI 
NOT 
ADDC 


RETS 
-end 


RO,R1 
R2,R3 


R1,R2 
16,R2 

0, ARO 
DONE 
16, Ri 
R4,R2,R0 
RL, Roy RL 


NEGATE THE PRODUCT IF THE 


RO 
1,RO0 
Rl 
0,R1 


P2+P3 
X1*Y1 = P4 


se Ne 


Lower 16 bits of P2+P3 

Check the sign of the product 

If >0, multiplication complete (delayed) 
Upper 16 bits of P2+P3 

wo Lower word of the product 
Upper word of the product 


we Ne Ne 


Se Me Me 


I 
w 
oO 
tit 


NUMBERS ARE OF OPPOSITE SIGN 
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11.3.7 Floating-Point Format Conversion: IEEE to/from TMS320C3x 
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In fixed-point arithmetic, the binary point that separates the integer from the 
fractional part of the number is fixed at a certain location. For example, if a 
32-bit number has the binary point after the most significant bit (which is also 
the sign bit), only fractional numbers (numbers with absolute values less than 
1), can be represented. In other words, there is anumber called a Q31 number, 
which is a number with 31 fractional bits. All operations assume that the binary 
point is fixed at this location. The fixed-point system, although simple to imple- 
ment in hardware, imposes limitations in the dynamic range of the represented 
number, which causes scaling problems in many applications. You can avoid 
this difficulty by using floating-point numbers. 


A floating-point number consists of a mantissa m multiplied by base braised 
to an exponent e: 


m * be 


In current hardware implementations, the mantissa is typically a normalized’ 
number with an absolute value between 1 and 2, and the base is b = 2. Al- 
though the mantissa is represented as a fixed-point number, the actual value 
of the overall number floats the binary point because of the multiplication by 
b®. The exponent e is an integer whose value determines the position of the 
binary point in the number. IEEE has established a standard format for the re- 
presentation of floating-point numbers. 


In order to achieve higher efficiency in the hardware implementation, the 


~ TMS320C3x uses a floating-point format that differs from the IEEE standard. 


This section describes briefly the two formats and presents software routines 
to convert between them. 


TMS320C3x floating-point format: 


Ina32-bit word representing a floating-point number, the first 8 bits correspond 
to the exponent expressed in twos-complement format. There is one bitfor sign 
and 23 bits for the mantissa. The mantissa is expressed in twos-complement 
form with the binary point after the most significant non-sign bit. Since this bit 


_ isthe complement of the sign bits, it is suppressed. In other words, the mantis- 


sa actually has 24 bits. One special case occurs whene = —128. Inthis case, 
the number is interpreted as zero, independently of the values of s and f (which 
are by default set to zero). To summarize, the values of the represented num- 

bers in the TMS320C3x floating-point format are as follows: 


2e * (01.f) ifs= 0 
2e * (10.f) ifs= 1 
0 ife= —128 
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IEEE floating-point format: 


The IEEE floating-point format uses sign-magnitude notation for the mantissa, 
and offset by 127 for the exponent. In a 32-bit word representing a 
floating-point number, the first bit is the sign bit. The next 8 bits correspond to 
the exponent, expressed in an offset-by-127 format (the actual exponent is 
e —127). The following 23 bits represent the absolute value of the mantissa with 
the most significant 1 implied. The binary point is after this most significant 1. 
In other words, the mantissa actually has 24 bits. There are several special 
cases, summarized below. 


These are values of the represented numbers in the IEEE floating-point format: 
ie 2erters (01d) ifO<e < 255 


Special cases: 


(—1)$ * 0.0 if e = 0 and f =0 (zero) 

(—1)S * 2-126 * (9, f) if e = 0 and f <> 0 (denormalized) 
(—1)§ * infinity if e = 255 and f = 0 (infinity) 

NaN (not a number if e = 255 and f < > 0) 


Based on these definitions of the formats, two versions of the conversion rou- 
tines were developed. One version handles the complete definition of the for- 
mats. The other ignores some of the special cases (typically the ones that are 
very rarely used), but it has the benefit that it executes faster than the complete 
conversion. For this discussion, they are referred to as the complete version 
and the fast version. 
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11.3.7.1 IEEE to TMS320C3x Floating-Point Format Conversion - 


Example 11-22 shows the fast conversion from IEEE to TMS320C3x floating- 
point format’. It properly handles the general case when 0 < e < 255, and also 
handles zeros (i.e.,e = Oandf = 0). Theotherspecial cases (denormalized, in- 
finity, and NaN) are not treated and, if present, will give erroneous results. 


Example 11-22. IEEE toTMS320C3x Conversion (Fast Version) 


* PITLE IEEE TO TMS320C3x CONVERSION (FAST VERSION) 

k 

* 

* SUBROUTINE FMIEEE 

* 

* FUNCTION: CONVERSION BETWEEN THE IEEE FORMAT AND THE 
* TMS320C3x FLOATING POINT NUMBERS. THE NUMBER TO 
* BE CONVERTED IS IN THE LOWER 32 BITS OF RO. 
* THE RESULT-IS STORED IN THE UPPER 32 BITS OF RO. 
* UPON ENTERING THE ROUTINE, AR1 POINTS TO THE 
* FOLLOWING TABLE: 

* 

* (0) OxFF800000 <—-— AR1 

* (1) OxFF000000 

* (2) x7F000000 

* (3) 0x80000000 

* (4) 0x81000000. 

* 

* ARGUMENT ASSIGNMENTS: 

*  ARGUMENT| FUNCTION | 

Ko “Sees eee ee Se a a 

* RO | | NUMBER TO BE CONVERTED 

* ARI | POINTER TO TABLE WITH CONSTANTS 

* 

* REGISTERS USED AS INPUT: RO, ARI 

* REGISTERS MODIFIED: RO, R1 

* REGISTER CONTAINING RESULT: RO 

* 

* NOTE: SINCE THE STACK POINTER SP IS USED, MAKE SURE TO 
* INITIALIZE IT IN THE CALLING PROGRAM. 

* 

* 

* CYCLES: 12 (WORST CASE) WORDS: 12 

* 


-global FMIEEE 
* . 


(Example continues on next page) 


‘The fast version of the IEEE-to-TMS320C3x conversion routine was originally 
developed by Keith Henry of Apollo Computer, Inc. The other routines were 
based on this initial input. 
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FMIEEE 


NEG 
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(Example continued from previous page) 


RO, *AR1,R1 
NEG 

RO,R1 
*+AR1 (1) ,R1 
*+AR1 (2),R1 
Rl 

RO 


“ee Se Ne Me Ne 


Replace fraction with 0 


Test sign 
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Shift sign and exponent inserting 0 


Tf all zero, 


generate C30 zero 


Unbias exponent 


Load this as a flt. pt. number 


Load this as a flt. pt. number 


Negate if original sign negative 
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Example 11-23 shows the complete conversion between IEEE and 
TMS320C3x formats. In addition to the general case and the zeros, it handles 
the special cases as follows: . 


Ch «If NaN (e = 255, f< >0), the number is returned intact. 


[i Ifinfinity (e = 255, f = 0), the output is saturated to the most positive or neg- 
ative number, respectively. . 


Li If denormalized (e = 0, f< >0), two cases are considered. If the MSB of f 
is 1, the number is converted to TMS320C3x format. Otherwise, an under- 
flow occurs and the number is set to zero. 


Example 11-23. IEEE to TMS320C3x Conversion (Complete Version) 


* TITLE IEEE TO TMS320C3x CONVERSION (COMPLETE VERSION) 

me : 

* Ps 

* SUBROUTINE FMIEEE1 

* 

* FUNCTION: CONVERSION BETWEEN THE IBEE FORMAT AND THE TMS320C3x 
* FLOATING POINT NUMBERS. THE NUMBER TO BE CONVERTED 
* IS IN THE LOWER 32 BITS OF RO. THE RESULT IS STORED 
* IN THE UPPER 32 BITS OF RO. 

* 

* 

* UPON ENTERING THE ROUTINE, AR1 POINTS TO THE FOLLOWING TABLE: 
* : , 

* (0) - OxFF800000 <—-— ARI 

* (1) OxFFOO0000 

* : (2) 0x7F000000 

* (3) 0x80000000 

* (4) 0=81000000 

* (5) 0: 7F800000 

* (6) 0::00400000 

ts (7) 0:007FFFFF 

* (8) Ox 7FUFFFFP 

* 

* ARGUMENT ASSIGNMENTS: 

* ARGUMENT| FUNCTION 

Ko eee Wee a es ee oe ee eS Se Sa 

* RO | NUMBER TO BE CONVERTED 

* AR1 | POINTER TO TABLE WITH CONSTANTS 

* 

* REGISTERS USED AS INPUT: RO, AR1 

* REGISTERS MODIFIED: RO, Rl 

* REGISTER CONTAINING RESULT: RO 

* 


(Example continues on next page) 
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* 

* 

* 

* 

* CYCLES: 23 

* 
-global 

* 

FMIEEE1 LDTI. 
AND 
BZ 

* 
XOR 
BNZ 


* HANDLE NaN AND 


TSTB 
RETSNZ 
LDI 
LDFGT 


LDFN 
RETS 


Logi 


(Example continued from previous page) 


(WORST CASE) 


FMIEEE1 

RO, Rl 
*+AR1(5),R1 
UNNORM 


*+AR1 (5),R1 
NORMAL 


INFINITY 
*+ARI1 (7) ,RO 


RO, RO 
*+AR1 (8) ,RO 


*+AR1 (5) ,RO 


WORDS: 


° 
‘, 
. 
, 


. 
, 


. 
fa 
. 
, 
. 
, 
° 
a 


NOTE: SINCE THE STACK POINTER SP IS USED, MAKE SURE TO INITIALIZE 
IT IN THE CALLING PROGRAM. 


34 


If e = 0, number is either 0 or 
unnormalized 


~ 


If e < 255, use regular routine 


Return if NaN 


If positive, infinity= 
most positive number 
If negative, infinity= 
most negative number RETS 


* HANDLE ZEROS AND UNNORMALIZED NUMBERS 


UNNORM TSTB 
LDFZ 
RETSZ 
XOR 
BND 


LSH 


SUBI 
PUSH 
POPF 
RETS 
POPF 
NEGF 
RETS 


NEG1 


*+AR1 (6) ,RO 
*+AR1 (3) ,RO 


*+AR1 (6) ,RO 
NEG1 

1,R0 
*+AR1 (2) ,RO 
RO 

RO 


* HANDLE THE REGULAR CASES 


NORMAL AND3 
BND 

ADDI 
SUBI 
PUSH 
POPF 
RETS 
NEG POPF 
NEGF 
RETS 


RO, *AR1,R1 
NEG 

RO,R1L 
*tAR1 (2) ;,R1 
Rl 

RO 


we Ne Ne NS 


‘we 


. 


; Load this as a flt. pt. 


Is the msb of £ equal to 1? 

If not, force the number to zero 
and return 

If (msb of f) = 1, make it 0 

Eliminate sign bit and line up mantissa 


Make e = -127 


Put number in floating point format 


If negative, negate RO 


; Replace fraction with 0 


Test sign 
Shift sign and exponent 
Unbias exponent 


inserting 0 
number 


Load this as a flt. pt. number 


; Negate if original sign negative 
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11.3.7.2 TMS320C3x to IEEE Floating-Point Format Conversion 


The vast majority of the numbers represented by the TMS320C3x 
floating-point format are covered by the general IEEE format and the represen- 
tation of zeros. The only special case to consider is when e = —127 in the 
TMS320CS8x format; this corresponds to a denormalized number in IEEE for- 
mat. It is ignored in the fast version, while it is treated properly in the complete 
version. Example 11-24 shows the fast, and Example 11-25, the complete 
version of the TMS320C3x-to-IEEE conversion. 
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Example 11-24. TMS320C3x to IEEE Conversion (Fast Version) 


+ + 4+ HF HF FH HF KF KF FHF KAKA KAA HK KX HH HF HH HX HK HF 


Logical ar and 1d Arithmetic Operations 


TITLE TMS320C3x TO IEEE CONVERSION (FAST VERSION) 


SUBROUTINE TOIEEE 


FUNCTION: CONVERSION. BETWEEN THE TMS320C3x FORMAT AND THE IEEE 
FLOATING POINT NUMBERS. THE NUMBER TO BE CONVERTED 
IS IN THE UPPER 32 BITS OF RO. THE RESULT WILL BE IN 


THE LOWER 32 BITS OF RO. 


UPON ENTERING THE ROUTINE, AR1 POINTS TO THE FOLLOWING TABLE: 


(0) OxFF800000 <—~—ARI1 
(1) OxFF000000 
(2) Ox7F000000 
C3] 0x80000000 
(4) 0x81000000 


ARGUMENT ASSIGNMENTS: 
ARGUMENT| FUNCTION 


—— eee +-—--—-—— 


RO {| NUMBER TO BE CONVERTED 
AR1 | POINTER TO TABLE WITH CONSTANTS 


REGISTERS USED AS INPUT: RO, ARL1 
REGISTERS MODIFIED: RO 
REGISTER CONTAINING RESULT: RO 


NOTE: SINCE THE STACK POINTER ‘SP’ IS USED, 
INITIALIZE IT IN THE CALLING PROGRAM. 


CYCLES: 14 (WORST CASE) WORDS: 15 


-global TOIEEE 


MAKE SURE TO 


TOLEEE LD RO, RO ; Determine the sign of the number 
LDFZ *+AR1(4),RO ; If zero, load appropriate number 
BND NEG ; Branch to NEG if negative (delayed) 
ABSF RO 7; Take the absolute value of the number 
LSH 1,R0 ; Eliminate the sign bit in RO 
PUSHF RO 
POP RO ; Place number in lower 32 bits of RO 
ADDI *+AR1(2),RO ; Add exponent bias (127) 
LSH =, R0 ; Add the positive sign 
RETS : 

NEG POP RO ; Place number in lower 32 bits of RO 
ADDI *+AR1(2),RO ; Add exponent bias (127) 
LSH —1,R0 ; Make space for the sign 
ADDI *+AR1(3),RO ; Add the negative sign 
RETS 
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Example 11-25. TMS320C3x to IEEE Conversion (Complete Version) 


HHH HH He KKH HHA HHA HA AXA H KH KH HH FH HF FF 


* 


TITLE TMS320C3x TO IEEE CONVERSION (COMPLETE VERSION) 
SUBROUTINE TOIEEBE1 


FUNCTION: CONVERSION BETWEEN THE TMS320C3:x FORMAT AND THE IEEE 
FLOATING POINT NUMBERS. THE NUMBER TO BE CONVERTED 
IS IN THE UPPER 32 BITS OF RO. THE RESULT WILL BE 
IN THE LOWER 32 BITS OF RO. 


UPON ENTERING THE ROUTINE, AR1 POINTS TO THE FOLLOWING TABLE: 


(0) OxFF800000 <—— ARI 
(1) OxFF0O00000 
(2) 0x7F000000 
(3) 0x80000000 
(4) 0x81000000 
(5) Ox7F800000 
(6) 0x00400000 
(7) xOO7FFFFF 
(8) Ox7F7FFFFF 


ARGUMENT ASSIGNMENTS: 
ARGUMENT| FUNCTION 
es 4+--—--—~-~——— — — — 
RO | NUMBER TO BE CONVERTED 
AR1 | POINTER TO TABLE WITH CONSTANTS 


REGISTERS USED AS INPUT: RO, AR1 
REGISTERS MODIFIED: RO 
REGISTER CONTAINING RESULT: RO 


‘NOTE: SINCE THE STACK POINTER ’SP’ IS USED, MAKE SURE TO 


INITIALIZE IT IN THE CALLING PROGRAM. 


CYCLES: 31 (WORST CASE) WORDS: 25 


-global TOIEEE1 


TOIEEE1 LDF RO, RO ; Determine the sign. of the number 
LDFZ *+AR1(4),RO ; If zero, load appropriate number 
BND NEG ; Branch to NEG if negative (delayed) 
ABSF RO ; Take the absolute value of the number 
LSH 1,R0 ; Eliminate the sign bit in RO 
PUSHEF RO 
POP RO ; Place number in lower 32 bits of RO 
ADDI *+AR1(2),RO ; Add exponent bias (127) 
LSH —-1,R0 ; Add the positive sign 
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(Example continues on next page) 


Software Applications 


CONT 


NEG 


TSTB 
RETSNZ 
TSTB 
RETSZ 
PUSH 
POPF 


LSH 
PUSHF 
POP 
ADDI 
RETS 
POP 
BRD 
ADDI 


LSH 
ADDI 


Logical and Arithmetic Operations 


(Example continued from previous page) 


*+AR1 (5) ,RO 
*+AR1 (7) ,RO 


RO 

RO 

—1,R0 

RO 

RO 
*+AR1 (6) ,RO 


RO 

CONT 
*+ARI (2) ,RO 
—1,R0 
*+AR1(3),R0 


ve 


“e 


“ese fe ™~e 


If E>O, return 


If E=0 & F=0, return 


Move F right by one bit 


Add to F a msb of 1 
Place number in lower 32 bits of RO 


Add exponent bias (127) 


Make space for the sign 
Add the negative sign 
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11.4 Application-Oriented Operations 


11.4.1 Companding 


11-48 


Certain features of the TMS320C3x architecture and instruction set facilitate 
the solution of numerically intensive problems. This section presents examples 
of applications using these features, such as companding, filtering, Fast Fouri- 
er Transforms (FFT), and matrix arithmetic. 


In the area of telecommunications, one of the primary concerns is to conserve 
the channel bandwidth, and, at the same time, preserve high speech quality. 
This is achieved by quantizing the speech samples logarithmically. It has been 
demonstrated that an 8-bit logarithmic quantizer produces speech quality 
equivalent to a 13-bit uniform quantizer. The logarithmic quantization is 
achieved by companding (COMpress/exPANDing). Two international stan- 
dards have been established for companding: the p-law (used in the United 
States and Japan), and the A-law (used in Europe). Detailed descriptions of 
u-law and A-law companding are presented in an application report on com- _ 
panding routines included in the book Digital Signal Processing Applications 
with the TMS320 Family (literature number SPRAO12A). 


During transmission, logarithmically compressed data in sign-magnitude form 
are transmitted along the communications channel. If any processing is neces- 
sary, these data should be expanded to a 14-bit (for y-law) or 13-bit (for A-law) 
linear format. This operation is done upon receiving the data at the digital signal 
processor. After processing, and in order to continue transmission, the result 
is compressed back to 8-bit format and transmitted through the channel. 


_ Example 11-26 and Example 11-27 show u-law compression and expansion 


(i.e., linearto u-law and p-law to linear conversion), while Example 11-28 and 
Example 11-29 show A-law compression and expansion. For expansion, us- 
ing a look-up table is an alternative approach. It trades memory space for 
speed of execution. Since the compressed data is 8-bits long, a table with 256. 
entries can be constructed containing the expanded data. If the compressed 
data is stored in the register ARO, the following two instructions will put the ex- 
panded data in register RO: 


ADDI @TABL, ARO ; @TABL = BASE ADDRESS OF TABLE 
LDI *ARO, RO 7 PUT EXPANDED NUMBER IN RO 


The same look-up table approach could be used for compression, but the re- 
quired table length would then be 16,384 words for u-law or 8,192 words for 
A-law. lf this memory size is not acceptable, the subroutines presented in 
Example 11-26 or Example 11-28 should be used. 


Software Applications 


Appli 
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Example 11-26. .-Law Compression 


* 
*TITLE U-LAW COMPRESSION 


SUBROUTINE MUCMPR 


ARGUMENT ASSIGNMENTS: 
ARGUMENT] FUNCTION 
——— SS 4+——-— -— — - — 


RO | NUMBER TO BE CONVERTED 


REGISTERS USED AS INPUT: RO 
REGISTERS MODIFIED: RO, R1, R2, SP 
REGISTER CONTAINING RESULT: RO 


NOTE: SINCE THE STACK POINTER ‘SP’ IS USED IN THE COMPRESSION 


ROUTINE ‘MUCMPR’, MAKE SURE TO INITIALIZE IT IN THE 
THE CALLING PROGRAM. 


CYCLES: 20. WORDS: 17 


+ FF FF FF FF HF HF HK F OF HK HK KH HH 


-global MUCMPR 


* 

. MUCMPR LDI RO,R1 ; Save sign of number 
ABSI RO, RO ; 
CMPI 1FDEH, RO ; If RO>Ox1FDE, 
LDIGT 1FDEH, RO ; Saturate the result 
ADDI 33,R0 ; Add bias 


FLOAT RO Normalize: (seg+5) OWXYZx...x 


MPYF 0.03125, R0 7; Adjust segment number by 2** (—5) 
LSH 1,R0 7; (seg) WXYZx...x 

PUSHE RO 

POP RO ; Treat number as integer 

LSH =20,R0 ; Right—justify 

LDI 0,R2 

LDI R1,R1 ; If number is negative, 

LDILT 80H, R2 ; set sign bit 

ADDI R2,RO 7 RO = compressed number 

NOT RO ; Reverse all bits for transmission 
RETS 
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Example 11-27. .-Law Expansion 
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* 

* TITLE ‘U-LAW EXPANSION’ 

* 

* 

* SUBROUTINE MUXPND 

* 

* 

* ARGUMENT ASSIGNMENTS: 

* ‘ 

*  ARGUMENT| FUNCTION 

0 ae Be ee re eS ees Se a Oe 

* RO | NUMBER TO BE CONVERTED 

ie 

* REGISTERS USED AS INPUT: RO 

* REGISTERS MODIFIED: RO, R1, R2, SP 

* REGISTER CONTAINING RESULT: RO 

* 

* “ 

* CYCLES: 20 (WORST CASE) WORDS: 14 

* . 

* 
-global MUXPND 

* 

MUXPND NOT RO, RO ; Complement bits 
LDI RO,R1 
AND OFH, R1 + Isolate quantization bin 
LSH 1,R1 . 
ADDI 33; R1 ; + Add bias to introduce 1lxxxx 
LDI RO, R2 7 ‘Store for sign. bit 
LSH —4,R0 
AND 7,RO0 © ; Isolate segment code 
‘-LSH3 RO,R1,RO ; Shift and put result in RO 
SUBI 33,.R0 ; Subtract bias 
TSTB 80H, R2 7; Test sign bit 
RETSZ 
NEGI RO ; Negate if a negative number 
RETS 
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Example 11-28. A-Law Compression 


k 


* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
*k 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


TITLE A-LAW COMPRESSION 


SUBROUTINE ACMPR 


ARGUMENT ASSIGNMENTS: 
ARGUMENT| FUNCTION 
cee eee ae ee ee ae ee 4+—-—-—--—-—-—-— -— -— - nee 


RO | NUMBER TO BE CONVERTED 


REGISTERS USED AS INPUT: RO 
REGISTERS MODIFIED: RO, R1, R2, SP 
REGISTER CONTAINING RESULT: RO 


NOTE: SINCE THE STACK POINTER ‘SP’ IS USED IN THE COMPRESSION 
ROUTINE ‘ACMPR’, MAKE SURE TO INITIALIZE IT IN THE 
CALLING PROGRAM. 


CYCLES :22 WORDS: 19 

-global ACMPR 

* 

ACMPR LDI RO,R1 ; Save sign of number 
ABSTI RO, RO 
CMPI 1FH, RO ; If RO<0x20, 
BLED END ; Do linear coding 
CMPI OFFFH, RO ; If RO>OHFFF, 
LDIGT OFFFH, RO 7 saturate the result 
LSH =), 20 ; Eliminate rightmost bit 
FLOAT RO ; Normalize: (segt+3) OWXYZx...x 
MPYF 0.125,R0 ; Adjust segment number by 2**(—3) 
LSH 1,R0 7» «6(seg)WXYZu...x 
PUSHF RO 
POP RO ; Treat number as integer 
LSH —20,R0 ; Right—justify 

END LDI 0,R2 
LDI R1,R1 ; If number is negative, 
LDILT 80H, R2 ; set sign bit 
ADDI R2,RO ; RO = compressed number 
XOR OD5H, RO ; Invert even bits for transmission 


RETS 
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TITLE A-LAW EXPANSION 


SUBROUTINE AXPND 


ARGUMENT ASSIGNMENTS: 


ARGUMENT | FUNCTION 
eee fe en ee a a nr rr rrr 


RO | NUMBER TO BE CONVERTED 


-global AXPND 


AXPND XOR 
LDI 


SKIP1 ADDI 


11.4.2 FIR, IIR, and Adaptive Filters 


D5H, RO. 
RO,R1 
OFH,R1 
ay RL 
RO, R2 
—4,R0 
7,R0 
SKIP1L 
1,R0 
32,R1 
1,R1 
RO,R1,RO 
80H, R2 


RO 


LS EAN GOLAN APD SEAN IEE LON DEN LANL DN ERROR 


REGISTERS USED AS INPUT: RO 
REGISTERS MODIFIED: RO, Rl, 
REGISTER CONTAINING RESULT: RO 


CYCLES: 25 (WORST CASE) 


. 
? 


we Me Me Ne 


R2, SP 


WORDS: 16 


Invert even bits 
Isolate quantization 


Store for bit sign 


Isolate segment code 


Shift and put result 
Test sign bit 


Negate if a negative 


bin 


in RO 


number 


Digital filters are a common requirement for digital signal processing systems. 
There are two types of digital filters: Finite Impulse Response (FIR) and Infinite 
Impulse Response (IIR). Each of these types can have either fixed or adapt- 
able coefficients. In this section, the fixed-coefficient filters are presented first, 
and then the adaptive filters are discussed. 
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11.4.2.1 FIR Filters 


SSS Te aa 


Ifthe FIR filter has an impulse response A [0], h [1],..., 4 [N —1], and x[n] repre- 
sents the input of the filter at time n, the output y [n] at time nis given by this 
equation: | 


y[n] =A[0} x[n] + Aft] x [n-1] + ...4 A[N -1] x [n— (N —-1)] 


Two features of the TMS320C3x that facilitate the implementation of the FIR 
filters are parallel multiply/add operations and circular addressing. The first 
one permits the performance of a multiplication and an addition in a single ma- 
chine cycle, while the second one makes a finite buffer of length N sufficient 
for the data x. 


Figure 11-1 shows the arrangement of the memory locations in order to imple- 
ment circular addressing, while Example 11-30 presents the TMS320C3x as- 
sembly code for an FIR filter. 


Figure 11-1. Data Memory Organization for an FIR Filter 


Impulse Initial Final 
sag Response Input Samples Input Samples 
Address h(N -1) Oldest Input |_ xin — (N -1)] 

h(N — 2) x{n — (N ~2)] x[n — (N +1)] 
e e e 
e e e Circular 

Queue 

e e e 


High Newest Input x(n) 


Address ; 


In order to set up circular addressing, initialize the block-size register BK to 
block length N. Also, the locations for signal x should start from a memory loca- 
tion whose address is a multiple of the smallest power of 2 that is greater than 
N. For instance, if N = 24, the first address for x should be a multiple of 32 (the 
lower 5 bits of the beginning address should be zero). To understand this re- 
quirement, look at section 5.3 on page 5-24, the section describing circular ad- 
dressing. 


In Example 11-30, the pointer to the input sequence x is incremented and as- 
sumed to be moving from an older input to a newer input. At the end of the sub- 
routine, AR1 will be pointing to the position for the next input sample. 
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Example 11-30. FIR Filter 


* 
* 
* 
* 
* 
* 
* 
* 
* 
*k 
* 
k 
* 
*k 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
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TITLE FIR FILTER 


SUBROUTINE FIR 


EQUATION: y(n) = h(0O) * x(n) + h(1) * 


x(n-1) + 


+ h(N-1) * x(n—-(N-1) ) 


TYPICAL CALLING SEQUENCE: 


LOAD ARO 
LOAD AR1 
LOAD RC 
LOAD BK 
CALL FIR 


ARGUMENT ASSIGNMENTS: 
ARGUMENT| FUNCTION 


et ee ee oe +—-———-—-—-—~--— -— -— - 


ARO | ADDRESS OF h(N-1) 

AR1 | ADDRESS OF x(n-(N-1) ) 

RC | LENGTH OF FILTER — 2 (N-2) 
BK _. | LENGTH OF FILTER (N) 


REGISTERS USED AS INPUT: ARO, AR1, RC 
REGISTERS MODIFIED: RO, R2, ARO, ARI, 
REGISTER CONTAINING RESULT: RO 


, BK 


RC 


CYCLES: 11 + (N-—1) WORDS: 6 
-global FIR 
; Initialize RO: 
MPYF3 *ARO++ (1), *AR1++ (1) %,RO 
; hH(N-1L) * x(n—-(N-1)) —> RO 
. LDF 0.0,R2 ; Initialize R2. 


FILTER (1 <= i < N) 


RPTS RC, ; Setup the repeat cycle. 

MPYF3 *ARO++ (1) ,*ARI++(1)%,RO ; h(N-1—-i) *x (n—(N-1—-i) )—>RO 
ADDF3 RO, R2,R2 ; Multiply and add operation 

ADDF RO,R2,R0 ; Add last product 


Software Applications 


SR a 
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* RETURN SEQUENCE: 
* 


* end 


-end 


11.4.2.2 IIR Filters 


RETS ; Return 


The transfer function of the IIR filters has both poles and zeros. Its output de- 
pends on both the input and the past output. As arule, the filters need less com- 
putation than an FIR with similar frequency response, but the filters have the 
drawback of being sensitive to coefficient quantization. Most often, the IIR fil- 
ters are implemented as a cascade of second-order sections, called biquads. 
Example 11-31 and Example 11-32 show the implementation for one biquad 
and for any number of biquads, respectively. 


This is the equation for a single biquad: 
y[n] = al y[n—1]+ a2 y[n—2] +b0x[n]+b1 x[n-1] + b2 x[n-2] 


However, the following two equations are more convenient and have smaller 
storage requirements: 


d[n] = a2d[n-—2] + ald[n—-1]+ x[n] 
y[n] = b2d[n—2] + bid [n-1]+b0d[n] 
Figure 11-2 shows the memory organization for this two-equation approach, 


and Example 11-31 is an implementation of a single biquad on the 
TMS320C3x. 


Figure 11-2. Data Memory Organization for a Single Biquad 


Filter Newest Delay Newest Delay 


tag Coefficients Node Values Node Values 


Address 


Circular Queue 


Addcess 


As in the case of FIR filters, the address for the start of the values d must be 
a multiple of 4; i.e., the last two bits of the beginning address must be zero. ‘The 
block-size register BK must be initialized to 3. 
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Example 11-31. IIR Filter (One Biquad) 


TITLE IIR filter 


SUBROUTINE IIRI1 


IIRL == IIR FILTER (ONE BIQUAD) 


EQUATIONS:d(n) = a2 * d(n-2) + al * d(n-1) + x(n) 
y(n) = b2 * d(n—2) + bl * d(n-1) + bO * d(n) 


al*y(n-1) + a2*y(n-2) + bO*x(n) 
+ bil*x(n-1) + b2*x(n-2) 


OR y(n) 


TYPICAL CALLING SEQUENCE: 


load R2 
load ARO 
load AR1 
load BK 
CALL IIR1 


ARGUMENT ASSIGNMENTS: 
ARGUMENT| FUNCTION 
ee ce ee ee ee re fm a a a ee ee 


R2 | INPUT SAMPLE X(N) 

ARO | ADDRESS OF FILTER COEFFICIENTS (A2) 
AR1L | ADDRESS OF DELAY MODE VALUES (D(N-2) ) 
BK | BK = 3 


REGISTERS USED AS INPUT: R2, ARO, AR1, BK 
REGISTERS MODIFIED: RO, R1, R2, ARO, AR1 
REGISTER CONTAINING RESULT: RO 


CYCLES: 11 WORDS: 8 


FILTER 


EHH He FH HHH HF HK HH FHA KH FE KF HF KKH AHH F 


-global IIR1 


IIR1 MPYF3 *ARO, *AR1, RO 

* 7; a2 * d(n-2) —-> RO 
MPYF3 *++ARO0 (1),*ARI--(1) % ,R1 - 

= 2° *.GANA2) SORT 


MPYF3 *++AR0O(1),*AR1,RO ; al * d(n-1) -—> RO 
{| ADDF3 RO,R2,R2 ; a2*d(n-2)+x(n) —> R2 
* 


MPYF3 *++ARO (1), *AR1-—(1) %,RO- j bl * d(n-1) -—> RO 
1 | ADDF3 RO,R2,R2_ | 3 al*d(n-1)+a2*d(n—-2)+x(n) -—> R2 
* 


MPYF3 *++AR0O(1),R2,R2; bO * d(n) —> R2 
1 | STF -— R2,*AR1++(1)% 
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; Store d(n) and point to d(n-1). 


ADDF RO, R2 7 bl*d(n-1)+b0*d(n) -—> R2 
ADDF R1,R2,R0 * b2*d(n—-2)+b1*d(n—-1)+b0*d(n) —> RO 


RETURN SEQUENCE 


RETS 7; Return 


In the more general case, the IIR filter contains N >1 biquads. The equations 
for its implementation are given by the following pseudo-C language code: 


y[0,n]=x[n] 

for (i= 0; i< N; /+4){ 
d[iin)=a2[ijd[i,n-—2] + at [i] d[in—1]+ y[i-t,n] 
ylin]=b2[i)d[i-2] + bi [/] d[in-1]+ bDO[ i] d[in] 


} 
y[n] = y[N -1,n] 


Figure 11-3 shows the corresponding memory organization, while 
Example 11-32 shows the TMS320C3x assembly-language code. 
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Figure 11-3. Data Memory Organization for N Biquads 
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Filter 


er Coefficients 


Address 
| b2(0) 
ai(0) 


b2(0) 


High 
Address 


Newest Delay 


Oldest Delay 


Initial Delay 
Node Values 


d(N -1, n—1) 
|__ Empty | 


d(0,n-1) 
d(0, n—- 2) 
d(0, n) 


Final Delay 
Node Values 


Circular Queue 


Circular Queue 


The block register BK should be initialized to 3, and the beginning of each set 
of d values (i.e., d [i,n], i= 0...N —1) should be at an address that is a multiple 
of 4 (the last two bits zero), as stated in the case of a single biquad. 
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Example 11-32. IIR Filters (N > 1 Biquads) 


TITLE IIR FILTERS (N > BIQUADS) 


SUBROUTINE IIR2 


EQUATIONS: y(0,n) = x(n) 


FOR (1 = 0; i < N; i++) 
{ 
aQ(i,n) = a2(i) * d(i,n-2) + al(i) * A(i,n-1) * y(i-1,n) 
y(i,n) = b2(i) * d(i,n—-2) + bi(i) * d(i,n—1) * bO(i) * d(i,n) 
TYPICAL CALLING SEQUENCE: 
} 


y (n) = y(N-1,n) 


TYPICAL CALLING SEQUENCE: 


load R2 
load ARO 
load AR1 
load IRO 
load IR1 
load BK 
load RC 
CALL IIR2 


ARGUMENT ASSIGNMENT: 
ARGUMENT]! FUNCTION 


—_— +e a nn a nr re nner ee 
R2 | INPUT SAMPLE x(n) 

ARO | ADDRESS OF FILTER COEFFICIENTS (a2(0)) 
AR1 | ADDRESS OF DELAY NODE VALUES (d(0,n-2) ) 
BK | BK = 3 

IRO | IRO = 4 

IR1 | IRL = 4*N-4 

RC | NUMBER OF BIQUADS (N) ~—2 


REGISTERS USED AS INPUT; R2, ARO, AR1, IRO, IR1, BK, RC 
REGISTERS MODIFIED; RO, Rl, R2, ARO, AR1, RC 
REGISTERS CONTAINING RESULT: RO 


CYCLES: 17 + 6(N-1) WORDS: 17 


++ * + FFF He FF F FF HF HF HF HF HF KF FH FHF HF HF 4+ HF HX HF HF HF FH HK KF HFA HK HF HX 4 FH FH 


-global IIR2 


* 

IIR2 MPYF3 *ARO, *AR1, RO 

s * az (0) *-d(Opn=2). => RO 
MPYF3 *AR1++(1), *ARI-——(1)%, R1 
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7 ; b2(0) * d(0,n—2) —> RI 


MPYF3 *4+4AR0(1),*AR1,RO ; a1(0) * D(0O,n-1) -—> RO 
1 ' ADDF RO, R2, R2 ; First sum term of d(0,n). 
* : 


MPYF3 *++AR0 (1),*AR1--—(1)%,RO ;b1(0) * d(0,n-1) —> RO 
tl ADDF3 RO, R2, R2 ; Second sum term of d(0,n). 
MPYF3 *+4+ARO(1),R2,R2 ;b0(0) * d(0,n) —> R2 


II STF _ R2, *ARI—-(1)$% 
* 
; Store d(0,n) ; Point to d(0,n-2) 

RPTB LOOP ; Loop for 1 <=i<n 
* 

MPYF3 *++AR0 (1), *++AR1(IRO),RO ;a2(i) * d(i,n-2) —> RO 
| | ADDF3 RO,R2,R2 ; First sum term of y(i-1,n). 
* 2 F 

MPYF3 *++ARO(1),*ARI-— (1)%R1 ; b2(i) * D(i,n—2) —> R1 
11 ADDF3 R1,R2,R2 ; Second sum term of y(i-1,n). 
* 

' MPYF3 *++AR0(1),*AR1,RO ;al(i) * d(i,n-1) -—> RO 

| | ADDF3 RO,R2,R2 ; First sum of d(i,n). 
* 

MPYF3 *++AR0(1),*ARI--(1)%,RO ;bl(i) * a(i,n—1) —> RO 
1 | ADDF3 RO,R2,R2 ; Second sum term of d(i,n). 
* 

STF R2, *AR1—--(1) % 
* ; Store d(i,n) ; point to d(i,n-2) 
LOOP MPYF3 *++ARO (1), R2,R2 
ig ; bO(i) * A(i,n) —> R2 
* 
* 
* FINAL SUMMATION 
* F 

ADDF RO, R2 ; First sum term of y(n-1,n) 

ADDF3 R1,R2,RO ; Second sum term of y(n-1,n) 
* 

NOP *ARI——(IR1) ; Return to first biquad 

NOP *ARI——(1)% ; Point to d(0,n-1) 


* RETURN SEQUENCE 


RETS ; Return 
* end 


-end 
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11.4.2.3 Adaptive Filters (LMS Algorithm) 


In some applications in digital signal processing, a filter must be adapted over 
time to keep track of changing conditions. The book Theory and Design of 
Adaptive Filters by Treichler, Johnson, and Larimore (Wiley-Interscience, 
1987) presents the theory of adaptive filters. Although in theory, both FIR and 
IIR structures can be used as adaptive filters, the stability problems and the 
local optimum points that the IIR filters exhibit make them less attractive for 
such an application. Hence, until further research makes IIR filters a better 
choice, only the FIR filters are used in adaptive algorithms of practical applica- 
tions. 


In an adaptive FIR filter, the filtering equation takes this form: 
y[n]=h[n,0] x[n] + A[n,1]x [n —1] +...4 A[n,N -1]x [n — (N —1)] 


The filter coefficients are time-dependent. Ina least-mean-squares (LMS) al- 
gorithm, the coefficients are updated by an equation in this form: 


h[n+1,i]=Aln,1] + Bx[n—-/], i= 0,1,....N—1 


B is a constant for the computation. The updating of the filter coefficients can 
' be interleaved with the computation of the filter output so that it takes 3 cycles 
per filter tap to do both. The updated coefficients are written over the old filter 
coefficients. Example 11-33 shows the implementation of an adaptive FIR fil- 
ter on the TMS320C3x. The memory organization and the positioning of the 
_ data in memory should follow the same rules as the above FIR filter with fixed 
coefficients. | 
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Example 11-33. Adaptive FIR Filter (LMS Algorithm) 
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* 


+ + 


+ FFF Xe KA FH HF HF KF HF KF FH HF FF HHH FF HHH HF HF FHKE 


TITL ADAPTIVE FIR FILTER (LMS ALGORITHM) 


SUBROUTINE LM S 


LMS == LMS ADAPTIVE FILTER 


EQUATIONS: 


y(n) = h(n,0)*x(n) + h(n,1)*x(n-1) +... 
+ h(n,N-1) *x (n—(N-1) ) 


FOR (i'= O; i < N; itt) 


h(nt+1,i) = h(n,i) + tmuerr * x(n—i) 


TYPICAL CALLING SEQUENCE: 


load 
Load 
load 
load 
load 
CALL 


ARGUMENT ASSIGNMENTS: 


ARGUMENT | 


FUNCTION 


eee ee +--—--—--— — 


R4 


SCALE FACTOR (2 * mu * err) 
ADDRESS OF h(n,N-1) 
ADDRESS OF x(n-(N-1)) 


LENGTH OF FILTER — 2 (N-2) 
LENGTH OF FILTER (N) 


REGISTERS USED AS INPUT: R4, ARO, AR1, RC, BK 
REGISTERS MODIFIED: RO, Rl, R2, ARO, AR1, RC 
REGISTER CONTAINING RESULT: RO 


PROGRAM SIZE: 10 words 


EXECUTION CYCLES: Loe 3 AN—1) 


SETUP (i 


-global LMS 


MPYF3 


LDF 


MPYF3 


ADDF3 


Initialize RO: 


Ne 


*ARO, *AR1, RO : 
h(n,N-1) * x(n-(N-1)) -—> RO 
0.0,R2 ; Initialize R2. 


“e 


; Initialize Rl: 
*ARI1++(1)%, R4, R1 

7; x(n-(N-1)) * tmuerr -—> R1 
*ARO++(1), R1, RIL 

; h(n,N-1) + x(n-(N—-1)) * 
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* ; tmuerr —> R1 
* 
* FILTER AND UPDATE (1 <= I < N) 
* 

RPTB LOOP * Setup the repeat block. 
* 
* 3; Filter: 

MPYF3 *ARO——(1),AR1,RO; h(n,N—1-i) * x(n-—(N—1-i)) —> RO 
1 | ADDF3 RO,R2,R2 * Multiply and add operation. 
* 
ts 7; UPDATE: 2 

MPYF3 *AR1++(1)%,R4,R1;  2(n,N—(N-1—i)) * tmuerr —> R1 
1 | STF R1, *ARO++ (1) 7 Rl -> h(nt+1,N—-1-(i-1) ) 
* 
LOOP ADDF3 *ARO++(1), R1, RL 
* > A(n,N-1-1) + «(n—(N-1—i))*tmuerr —> R1 
* 

ADDF3 RO,R2,R0 ; Add last product. 

STF R1, *—ARO (1) + h(n,0) + x(n) * tmuerr —> h(n+1,0) 
* 
* RETURN SEQUENCE 
* F 

RETS 7; Return 
* 
* end 
* 
-end 


11-63 


Application- “Oriented Operations — 


11.4.3 Matrix-Vector Multiplication 


In matrix-vector multiplication, a K x N matrix of elements m(i,j) having K rows 
and N columns is multiplied by an N x 1 vector to produce a K x 1 result. The 
multiplier vector has elements v(j), and the product vector has elements p(i). 
Each one of the product—vector elements is computed by the following expres- 
sion: 


p(i) = m(i,0) v(0) + fi (41) v(1) +...4 m (iN —1) v(N—-1) f= 0,1,...,K -1 


This is essentially a dot product, and the matrix-vector multiplication contains, 
as a special case, the dot product presented in Example 11—2 on page 11-8. 
In pseudo-C format, the computation of the matrix multiplication is expressed 
by 


for ((=0; i < K; /+ +) { 
p(i)=0 
for (fj=O;j<N;/++4) 
p(i)=p(i)+m(ij)*v(s) 


Figure 11-4 shows the data memory organization for matrix-vector multiplica- 
tion, and Example 11-34 shows the TMS320C3x assembly code to implement 
it. Note that in Example 11-34, K (number of rows) should be greater than 0, 
and N (number of columns) should be greater than 1. 


Figure 11-4. Data Memory Organization for Matrix-Vector Multiplication 


Result 
Matrix Storage Wedir BroiaGe Vector Storage 


Perce m(0, nie.) _ + 2. _ 
| em (0,1) P(t) | Pt) 


@ e@ 
High | | 


Address ° 
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Example 11-34. Matrix Times a Vector Multiplication 
TITL MATRIX TIMES A VECTOR MULTIPLICATION 


SUBROUTINE MA T 


MAT == MATRIX TIMES A VECTOR OPERATION 


TYPICAL CALLING SEQUENCE: 


load ARO 
load AR1 
load AR2 
load AR3 
load Ri 

CALL MAT 


ARGUMENT ASSIGNMENTS: 
ARGUMENT| FUNCTION 
ee 4+---—-—~-— ~~ — ee 
| ADDRESS OF M(0,0) 
| ADDRESS OF V(0) 
AR2 | ADDRESS OF P (0) 
| NUMBER OF ROWS —'1 (K-1) 
| 


NUMBER OF COLUMNS — 2 (N-2) 


REGISTERS USED AS INPUT: ARO, AR1, AR2, AR3, Rl 
REGISTERS MODIFIED: RO, R2, ARO, AR1, AR2, AR3, IRO, 
RC, RSA, REA 


PROGRAM SIZE: 11 


EXECUTION CYCLES: 6 + 10 * K + K * (N — 1) 


SO OE OOH HK HHH OHHH HHH HH HHH HH HK HK HK 


-global MAT 


+ 


* SETUP 

* 

MAT LDI R1, IRO ; number of columns—-2 —> IRO 
ADDI 2,IRO | ; IRO=N 


* 


-* FOR (1 = 0; i < K; i++). LOOP OVER THE ROWS. 
* 


ROWS LDF 0.0,R2 ; initialize R2 
MPYF3 *ARO++ (1), *AR1++(1),RO 
s ; m(i,O) * v(O) —> RO 
* 
* FOR (j = 1; 3 < N; j++) DO DOT PRODUCT OVER COLUMNS 
* 


RPTS R1 * multiply a row by a column. 


MPYF3 *ARO++(1),*AR1++(1),RO ; m(i,3) * v(4) —> RO 
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* 


* 


ADDF3 RO,R2,R2 ; m(i,j—-1) * v(j-1) + R2 —> R2. 
DBD AR3, ROWS ; counts the number of rows left. 
ADDF RO, R2 ; last accumulate. 

STF R2, *AR2++ (1) ; result —> p(i) 

NOP *—-AR1 (IRO) ; set AR1 to point to v(0). 


!!! DELAYED BRANCH HAPPENS HERE !!! 
RETURN SEQUENCE 


RETS ; return 
end 


.end 


11.4.4 Fast Fourier Transforms (FFT) 
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Fourier transforms are an important tool often used in digital signal processing 
systems. The purpose of the transform is to convert information from the time 
domain to the frequency domain. The inverse Fourier transform converts infor- 
mation back to the time domain from the frequency domain. Implementation 
of Fourier transforms that are computationally efficient are known as Fast 
Fourier Transforms (FFTs). The theory of FFTs can be found in books such as 
DFT/FFT and Convolution Algorithms by C.S. Burrus and T.W. Parks (John 
Wiley, 1985), and in the book Digital Signal Processing Applications with the 
TMS320 Family. 


Certain TMS320C3x features that increase efficient implementation of numeri- 
cally intensive algorithms are particularly well-suited for FFTs. The high speed 
of the device (50-ns cycle time) makes the implementation of real-time algo- 
rithms easier, while the floating-point capability eliminates the problems asso- 
ciated with dynamic range. The powerful indexing scheme in indirect address- 
ing facilitates the access of FFT butterfly legs that have different spans. A con- 
struct that reduces the looping overhead in algorithms heavily dependent on 
loops (such as the FFTs) is the repeat block implemented by the RPTB instruc- 
tion. This construct gives the efficiency of in-line coding but has the form of a 
loop. Since the output of the FFT is in scrambled (bit-reversed) order when the 
inputis in regular order, it must be restored to the proper order. This rearrange- 
ment does not require extra cycles. The device has a special form of indirect 
addressing (bit-reversed addressing mode) that can be used when the FFT 
output is needed. This mode permits accessing the FFT output in the proper 
order. 


Fast Fourier Transform is a label for a collection of algorithms that implement 
efficient conversion from time to frequency domain. There are several types 
of FFTs: 


{4 Radix-2 and radix-4 algorithms (depending on the size of the FFT butterfly) 


Cy Decimation in time or frequency (DIT or DIF) 
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C4 Complex or real FFTs 
C4 FFTs of different lengths, etc. 


The examples in this section of implementation of the FFT were based on pro- 
grams contained in the Burrus and Parks book, and in the paper Real-Valued 
Fast Fourier Transform Algorithms by H.V. Sorensen, et al (IEEE Trans. on 
ASSP, June 1987). : 


Example 11-35 and Example 11-36 show the implementation of a complex 
radix-2, DIF FFT on the TMS320C3x. Example 11-35 contains the generic 
code of the FFT that can be used with any length number. However, for the 
complete implementation of an FFT, a table of twiddle factors (sines/cosines) 
is needed, and this table depends on the size of the transform. To retain the 
generic form of Example 11-35, the table with the twiddle factors (containing 
1-1/4 complete cycles of a sine) is presented separately in Example 11-36 for 
the case of a 64-point FFT. A full cycle of a sine should have a number of points 
equal to the FFT size. In Example 11-36, the FFT length N and M, which is 
equal to the logarithm of N to base equal to the radix, are defined. Mis the num- 
ber of stages of the FFT. For a 64-point FFT, M = 6 when using a radix-2 algo- 
rithm or M = 3 when using a radix-4 algorithm. If the table with the twiddle fac- 
tors and the FFT code are kept in separate files, they should be connected at 
link time. 
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Example 11-35. Complex, Radix-2, DIF FFT 
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* 

* TITL COMPLEX, 

* 

* 

* 

* 

* 

* IS DONE IN-PLACE, 

* 

* 

* 

* 

* NATURE OF THE PROGRAM. 

* 

* DURING LINKING. 

* 

* 
-globl FFT 
-globl N 
-globl M 
-globl SINE 

INP -usect “IN”, 1024 
-BSS OUTP, 1024 
.tex 


* INITIALIZE 


FFTSIZ .word 
LOGFFT .word 
SINTAB .word 
INPUT .word 
OUTPUT .word 


FFT; LDP 


LDI 


LSH 
LDI 
LDI 
LSH 
LDI 
LDI 
LDI 


* OUTER LOOP 


LOOP:. NOP 
LDI 
ADDI 
LDI 
SUBI 


*' FIRST LOOP 


RPTB 
ADDF 


SUBF 


N 

M 
SINE 
INP 
OUTP 


FFTSI2 


@FFTSIZ,IR1 
—2,IR1 

0, AR6 
@FFTSIZ,IRO 
1, IRO 
Q@FFTSIZ,R7 
1,AR7 

1,AR5 


*++AR6 (1) 
@INPUT, ARO 
R7,ARO,AR2 
AR7,RC 
1,RC 


BLK1 


*ARO, *AR2, RO 
*XAR2++, *ARO++,R1 ; 


GENERIC PROGRAM FOR A LOOPED—CODE RADIX=—2 


“ea te Me Me 


we ee Me Ne 


. 
, 


PAPE EE LLL ELLE TLE ENGELS ES 


RADIX-2, DIF FFT 


THE PROGRAM IS TAKEN FROM THE BURRUS AND PARKS BOOK, P. 111. 
THE (COMPLEX) DATA RESIDE IN INTERNAL MEMORY. 


THE COMPUTATION 


BUT THE RESULT IS MOVED TO ANOTHER MEMORY 
SECTION TO DEMONSTRATE THE BIT—REVERSED ADDRESSING. 


THE TWIDDLE FACTORS ARE SUPPLIED IN A TABLE PUT IN A .DATA SECTION. 
THIS DATA IS INCLUDED IN A SEPARATE FILE TO PRESERVE THE GENERIC 
FOR THE SAME PURPOSE, THE SIZE OF THE FFT 
N AND LOG2(N) ARE DEFINED IN A .GLOBL DIRECTIVE AND SPECIFIED 


Entry point for execution 
FFT size 

LOG2 (N) 

Address of sine table 


Memory with input data 
Memory with output data 


Command to load data page pointer 


IR1=N/4, pointer for SIN/COS table 
AR6 holds the current stage number - 


IRO=2*N1 (because of real/imag) 

R7=N2 

Initialize repeat counter of first loop 
Initialize IE index (AR5=IE) 


Current FFT stage 
ARO points to X(I) 
AR2 points to X(L) 


RC should be one less than desired # 


RO=X(I)+X(L) 
R1l=X (I) —X (L) 
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FFT COMPUTATION IN TMS320C3x 


ADDF *AR2, *ARO,R2 ; 
SUBF *AR2, *ARO,R3 : 
STF R2, *ARO--— : 
STF R3, *AR2—— ; 
STF RO, *ARO++(IRO) ; 
STF R1, *AR2++ (IRO) ; 
* IF THIS IS THE LAST STAGE, 
CMPTI @LOGFFT, AR6 
. BZD END 
* MAIN INNER LOOP 
LDI 2,AR1 
LDI @SINTAB, AR4 
INLOP: ADDI AR5, AR4 
LDI AR1,ARO 
ADDI 2,AR1 
ADDI @INPUT, ARO 
ADDI R7,ARO0,AR2 
LDI AR7,RC 
SUBI 1,RC 
LDF *AR4, R6 
* SECOND LOOP 
RPTB BLK2 
SUBF *AR2, *ARO, R2 
SUBF *k+AR2,*+ARO,R1 
* 
MPYF R2,R6,RO 
| ADDF *+AR2,*+ARO,R3 
* . 
MPYF R1, *+AR4 (IR1),R3 
| | STF R3, *+ARO 
SUBF RO,R3,R4 
MPYF R1,R6,R0 
1 | ADDF *AR2, *ARO,R3 
MPYF 
|] STF R3, *ARO++ (IRO) 
* 
& 
ADDF RO,R3,R5 
BLK2 STF R5, *AR2++ (IRO) 
I | STF R4, *+AR2 
CMP TI R7,AR1 
BNE INLOP 
LSH 1,AR7 
BRD LOOP 
LSH 1,AR5 
LDI R7, IRO 
LSH —1,R7 
* 
END: LDI @FFTSIZ,RC 
SUBI 1,RC 
LDI @FFTSIZ, IRO 
LDI 2,IR1 
LDI @INPUT, ARO 
LDI @OUTPUT, AR1 
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Reey (1) +¥(L) 
R3=¥ (I) -¥ (G) 
Y(I)=R2 and... 
¥ (L) =R3 


; X(I)=RO and.. 


X(L)=R1 and ARO, 2 = ARO,2 + 2*n - 
YOU ARE DONE 


se 


Ne Ne 


se 


a, 


° 
? 


’ 
° 
’ 
? 


Init loop counter for inner loop 
Initialize IA index (AR4=IA) 
IA=IA+IE; AR4 points to cosine 


Increment inner loop counter 
(X(I),Y(I)) pointer 
(X(L),Y(L)) pointer 


RC should be one less than desired # 
R6=SIN 


2=X (I) —X (L) 


R1=Y (I)—-Y (L) 
RO=R2*SIN and... 


R3=Y (I) +Y (L) 

>; R3 = R1 * COS and 
Y¥ (I) =Y¥ (I) +Y¥ (L) 
R4=R1*COS—R2*SIN 
RO=R1*SIN and... 
R3=X (I) +X (L) 


R2,*+AR4(IR1),R3 ; R3 = R2 * COS and... 


Se Ne Ne Ne 


X(I)=X(I)+X(L) and ARO=ARO+2*N1 
R5=R2*COS+R1*SIN 

X (L)=R2*COS+R1*SIN, incr AR2 and... 
Y (L) =R1*COS—R2*SIN 


Loop back to the inner loop 


Increment loop counter for next time 
Next FFT stage (delayed) 

IE=2*1IE 

N1=N2 

N2=N2/2 


STORE RESULT OUT USING BIT-REVERSED ADDRESSING 


_e 


RC=N : 
RC should be one less than desired # 
TRO=size of FFT=N 
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| | 
BITRV 


SELF 


RPTB 
LDF 
LDF 
STF 
STF 


BR 
-end 


BITRV 
*+ARO(1),RO 
*ARO++ (IRO)B,R1 
RO, *+ARIi (1) 

R1, *AR1++ (IR1) 


SELF ; Branch to itself at the end 
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Application-Oriented Operations 


Example 11-36. Table With Twiddle Factors for a 64-Point FFT 


* 


*TITL TABLE WITH TWIDDLE FACTORS FOR A 64-—POINT FFT 


* 


* FILE TO BE LINKED WITH THE SOURCE CODE FOR A 64-POINT, RADIX—-2 FFT. 


* 


-globl SINE 
-globl N 
-globl M 

N -set 64 

M -set 6 
-data 

SINE 
-float 0.000000 
-float 0.098017 
-float 0.195090 
- float 0.290285 
-float 0.382683 
-float 0.471397 
-float 0.555570 
. float 0.634393 
-float 0.707107 
-float 0.773010 
-float 0.831470 
-float 0.881921 
.float 0.923880 
. float 0.956940 
-float 0.980785 
-float 0.995185 

COSINE 
-float 1.000000 
-float 0.995185 
-float 0.980785 
-float 0.956940 
-float 0.923880 
-float 0.881921 
-float 0.831470 
- float 0.773010 
-float 0.707107 
. float 0.634393 
-float 0.555570 
-float 0.471397 
-float 0.382683 
-float 0.290285 
.float 0.195090 
-float 0.098017 
- float 0.000000 
. float —0.098017 
-float —0.195090 
-float —0.290285 
.float —0.382683 
-float —0.471397 
-float —0.555570 
.float —0.634393 
. float —0.707107 
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SRS 
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SSO 


-float —0.773010 
-float -—0.831470 
-float —0.881921 
-float —0.923880 
-float —0.956940 
-float —0.980785 
-float —0.995185 
-float —1.000000 
.float —0.995185 
-float —0.980785 
-float —0.956940 
.float —0.923880 
-float —0.881921 
- float —0.831470 
-float —0.773010 
-float ~-0.707107 
-float —-0.634393 
.float —0.555570 
-float —0.471397 
. float —0.382683 
- float —0.290285 
.float —0.195090 
-float —0.098017 
float 0.000000 
float 0.098017 
float 0.195090 
float 0.290285 
float 0.382683 
float 0.471397 
float 0.555570 
float 0.634393 
float 0.707107 
float 0.773010 
float 0.831470 
float 0.881921 
-float 0.923880 
-float 0.956940 
.float 0.980785 
-float 0.995185 


The radix-2 algorithm has tutorial value because it is relatively easy to under- 
stand how the FFT algorithm functions. However, radix-4 implementations can 
increase the speed of the execution by reducing the overall arithmetic required. 
Example 11-37 shows the generic implementation of a complex, DIF FFT in 
radix-4. A companion table, like the one in Example 11-36, should have a val- 
ue of M equal to the logN, where the base of the logarithm is four. 
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Example 11-37. Complex, Radix-4, DIF FFT 


* 
* 
* 
* 
* 
* 
* 
** 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


TITL COMPLEX, RADIX~-4, DIF FFT 


GENERIC PROGRAM TO DO A LOOPED-—CODE RADIX—4 FFT COMPUTATION IN 
THE TMS320C3x. 


THE PROGRAM IS TAKEN FROM THE BURRUS AND PARKS BOOK, P. 117. 
THE (COMPLEX) DATA RESIDE IN INTERNAL MEMORY, AND THE COMPUTATION 
IS DONE IN-PLACE. 


THE TWIDDLE FACTORS ARE SUPPLIED IN A TABLE PUT IN A .DATA SECTION. 
THIS DATA IS INCLUDED IN A SEPARATE FILE TO PRESERVE THE GENERIC 
NATURE OF THE PROGRAM. FOR THE SAME PURPOSE, THE SIZE OF THE 

FET N AND LOG4(N) ARE DEFINED IN A .GLOBL DIRECTIVE AND SPECIFIED 
DURING LINKING. 


IN ORDER TO HAVE THE FINAL RESULT IN BIT—-REVERSED ORDER, THE TWO 


MIDDLE BRANCHES. OF THE RADIX—4 BUTTERFLY ARE INTERCHANGED DURING 
STORAGE. NOTE THIS DIFFERENCE WHEN COMPARING WITH THE PROGRAM IN 
P. 117 OF THE BURRUS AND PARKS BOOK. 


Entry point for execution 


~e 


.globl FFT 


-globl N ; FFT size 
-globl M ; LOG4(N) 
-globl SINE ; Address of sine table 
-usect “IN”,IN,1024 ; Memory with input data 
text 
a INITIALIZE 
TEMP -word $+2 
STORE .word FETSIZ © ; Beginning of temp storage area 
.word N 
-word M 
.word SINE 
.word INP 
-BSS FFTSIZ,1 ; FFT size 
-BSS LOGFFT, 1 ; LOG4(FFTSIZ) 
.BSS SINTAB, 1 ; Sine/cosine table base 
-BSS INPUT, 1 ; Area with input data to process 
-BSS STAGE,1 | ; FFT stage # 
-BSS RPTCNT,1 7; Repeat counter d 
-BSS IEINDX,1 ; IB index for sine/cosine 
-BSS LPCNT,1 7; Second-loop count 
.BSS JT; tL ; JT counter in program, P. 117 
-BSS IA1,1 ; IAl index in program, P. 117 
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* 


INITIALIZE DATA LOCATION 


LDP 
LDI 
LDI 
LDI 
STI 
LDI 
STI 
LDI 
STI 
LDI 
STI 


LDP 
LDI 
LDI 
LDI 
LDI 
STI 
LSH 
LSH 
LDI 
STI 


LSH 
STI 
ADDI 
STI 
SUBI 
LSH 


OUTER LOOP 


LOOP : 


LDI 
ADDI 
ADDI 
ADDI 
LDI 
SUBI 


FIRST LOOP 


RPTB 
ADDF 


ADDF 


ADDF 
SUBF 


STF 


SUBF 
LDF 
LDF 
ADDF 
ADDF 


STF 
ADDF 
SUBF 
STF 


TEMP 


‘@TEMP, ARO 


@STORE, AR1 
*ARO++, RO 
RO, *AR1++ 
*ARO++, RO 
RO, *AR1++ 
*ARO++,RO 
RO, *AR1++ 
* ARO, RO 

RO, *AR1 


FFTSIZ 
@FFTSIZ,RO 
@FFTSIZ, IRO 
@FFTSIZ,IR1 
0,AR7 

AR7, @STAGE 
1, IRO 
—2,IR1 

1 AR] 

AR7, @RPTCNT 
—2,R0 

ART, @IEINDX 
2,R0 

RO, QJT 

2,R0 

1,R0 


@INPUT, ARO 
RO, ARO, ARL 
RO, AR1, AR2 
RO, AR2,AR3 
@RPTCNT, RC 
1 RC 


BLK1 
*+ARO, *+AR2,R1 


*+AR3,*+AR1,R3 


R3,R1,R6 
*+AR2, *+ARO,R4 


R6, *+ARO 
R3,R1 

*AR2,R5 
*+AR1,R7 

*AR3, *AR1,R3 
R5, *ARO,R1 

R1, *+AR1 
R3,R1,R6 

R5, *ARO, R2 

R6, *ARO++ (IRO) 


, 


~e Ne Ne Me 


. 
ta 
. 


’ 


Command to 


load data page counter 


Xfer data from one memory to the other 


Command to 


load data page pointer 


@STAGE holds the current stage number 


IRO=2*N1 


(because of real/imag) 


IR1=N/4, pointer for SIN/COS table 


Initialize 
Initialize 
JT=RO0/2+2 


RO=N2 


ARO points 
AR1 points 
AR2 points 
AR3 points 


repeat counter of first loop 


IE index 


to X(T) 

to X(I1) 
to X(1I2) 
to X(I3) 


RC should be one less than desired # 


R1l=Y (I) +¥ (I2) 


R3=¥Y (I1)+Y(I3) 


R6=R1+R3 


R4=Y (I) -Y (12) 


Y (I) =R1+R3 
R1=R1—-R3 
R5=X (12) 
R7=Y (11) 


R3=X (I1)+X(I3) 
R1=X (I) +X (12) 


Y (I1) =R1-R3 


Ro=R1+R3 


R2=X (I) -X (T2) 


X (I) =R1+R3 


Software Applications 


Application-Oriented Operations 


UTE RNR LRT RATIO EAL LL ELIE DINED EL DELLS E SREP OTLEEOEDLEL SECM EDEL ERR DPEE SSL PERISCOPE REISE SPEAR SDE SEA EOEES LALLA SEES SIGE SSIES, 


REET ESR ERAN RR RR TNO NRE Scenes 


SUBF R3,R1 7; R1=R1—-R3 
SUBF *AR3,*AR1,R6 ; R6=X(I1)—X(I3) 
SUBF R7, *+AR3,R3 7 —R3=Y (I1)—-Y (13) 
1 | STF R1, *AR1++(IRO) ; X(I1)=R1—R3 
SUBF R6,R4,R5 ; R5=R4—-R6 
ADDF R6,R4 ; R4=R4+R6 
STF R5, *+AR2 # Y(I2)=R4—R6 
1 | STF R4, *+AR3 * Y(I3)=R4+R6 
SUBF R3,R2,R5 7 RS=R2—-R3 
ADDF R3,R2 7; R2=R2+R3 
BLK1 STF RS, *AR2++(IRO) ; X(I2)=R2—-R3 
1 | STF R2, *AR3++(IRO) ; X(I3)=R2+R3 


* IF THIS IS THE LAST STAGE, YOU ARE DONE 


LDI @STAGE, AR7 
ADDI 1,AR7 
CMPI @LOGEFFT, AR7 
BZD END 
STI AR7, @STAGE ; Current FFT stage 
* MAIN INNER LOOP 
LDI 1,AR7 
STI AR7, @IA1 ; Init IAl index 
LDI 2,AR7 
STI AR7, @LPCNT ; Init loop counter for inner loop 
INLOP: 
LDI 2,AR6 ; Increment inner loop counter 
ADDI @LPCNT, AR6 
LDI @LPCNT, ARO 
LDI @IA1,AR7 
ADDI @IEINDX, AR7 ; IA1=IA1+IE 
ADDI @INPUT, ARO * (X(1);Y(1)) pointer 
STI AR7, @IA1 
ADDI RO, ARO, AR1 7 )6©(X(I1),Y(I1)) pointer 
STI AR6, @LPCNT 
ADDI RO, AR1,AR2 g 44012), 2412) )- pointer 
ADDI RO,AR2,AR3 - 3 (X(I3),Y(I3)) pointer 
LDI @RPTCNT, RC 
SUBI 1 Re ; RC should be one less than desired # 
CMPTI @JT, AR6 ; If LPCNT=JT, go to 
BZD SPCL + special butterfly 
LDI @IA1,AR7 
LDI @IA1,AR4 
ADDI @SINTAB, AR4 ; Create cosine index AR4 
ADDI AR4,AR7,AR5 
SUBI — 1,AR5 ; IA2=IA1+IA1—1 
ADDI AR7,AR5, AR6 
SUBI 1,AR6 ; IA3=IA2+IA1—1 
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spesiatetgns 


CR 


oes eas ass ascs 


; 
RPTB 
ADDF 


ADDF 


ADDF 
SUBF 


SUBF 
ADDF 
ADDF 
MPYF 
STF 

ADDF 
SUBF 
SUBF 
MPYF 
STF 

SUBF 
SUBF 


MPYF 
STF 
MP YF 
ADDF 
ADDF 


SUBF 
SUBF 


SUBF 
ADDF 
MP YF 
STF 
MPYF 
SUBF 
MPYF 
STF 
MPYF 
ADDF 
MPYF 
STF 
MPYE 
SUBF 
MPYF 
STF 
MPYF 
ADDF 


SECOND LOOP 


BLK2 
*+AR2,*+AR0,R3 


*+AR3,*+AR1,R5 


R5,R3,R6 
*+AR2,*+ARO,R4 


R5,R3 
*AR2,*ARO,R1 
*AR3,*AR1,R5 
R3, *+AR5 (IR1) ;,R6 
R6, *+ARO 
R5,R1,R7 

*AR2, *ARO, R2 
R5,R1 

R1, *AR5,R7 

R7, *ARO++(IRO) 
R7,R6 
*+AR3,*+AR1,R5 


Rl, *+AR5 (IR1),R7 

R6, *+AR1 

R3, *AR5,R6 

R7,R6 

R5,R2,R1 

R5,R2 

*AR3,*AR1,R5 

R5,R4,R3 

R5,R4 

R3, *+AR4 (IR1),R6 

R6, *AR1++ (IRQ) 
Ri, *AR4,R7 

R7,R6 

R1, *+AR4 (IR1) ,R6 

R6, *+AR2 

R3, *AR4,R7 

R7,R6 

R4, *+AR6(IR1) ,R6 

R6, *AR2++ (IRO) 

R2, *AR6,R7 

R7,R6 

R2, *+AR6(IR1),R6 

R6, *+AR3 

R4, *AR6,R7 

R7,R6 


‘eo 


te 


, 


R3=Y (I) +¥ (12) 


R5=Y (11) +Y (I3) 
R6=R3+R5 


R4=¥ (T)—-Y(I2) 
R3=R3—-R5 


‘R1=X (I) +X (12) 


R5=X (I1) +X (13) 


R6=R3*CO2 


? 


A et et et et ek eT et eT eT | tT nt ET i ad Ed =e 


‘ee Ne we Ne se Ne 


se 


Y (I) =R3+R5 
R7=R1+R5 
R2=X (I) —X (12) 
R1=R1—R5 
R7=R1*SI2 
X(I)=R1+R5 
R6=R3*CO2-R1*SI2 


R5=¥ (I1)—-¥ (13) 
R7=R1*C02 | 
¥ (I1) =R3*CO2—R1*SI2 
R6=R3*SI2 
R6=R1*CO2+R3*SI2 
R1=R2+R5 

R2=R2-R5 

R5=X (I1)—X (13) 
R3=R4—R5 

R4=R4+R5 

R6=R3*COl 

X (I1) =R1*CO2+R3*S12 
R7=R1*SI1 
R6=R3*CO1-R1*SI1 
R6=R1*CO1 

¥ (I2) =R3*CO1-R1*SI1 
R7=R3*SI1 
R6=R1*CO1+R3*ST1 
R6=R4*CO3 

X (12) =R1*CO1+R3*SI1 
R7=R2*SI13 
R6=R4*CO3-R2*S13 
R6=R2*CO3 

¥ (13) =R4*CO3-R2*SI3 
R7=R4*S13 
R6=R2*CO3+R4*S13 
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BLK2 STF 


* SPECIAL 


SPCL LDI 


R6, *AR3++ (IRO) 


@LPCNT, RO 
INLOP 
CONT 


BUTTERFLY FOR W=J 


IR1,AR4 
—1,AR4 
@SINTAB, AR4 


BLK3 

*AR2, *ARO,R1 
*AR2, *ARO, R2 
*+AR2,*+AR0,R3 


*+AR2,*+ARO,R4 


*AR3, *AR1,R5 
R1,R5,R6 

R5,R1 | 
*+AR3,*+AR1,R5 


R5,R3,R7 
R5,R3 
R3, *+ARO 


R1, *ARO++(IRO) ; 


*AR3, *AR1,R1 
*+AR3,*+AR1,R3 


R6, *+AR1 

R7, *AR1++ (IRO) 
R3,R2,R5 
R2,R3,R2 
R1,R4,R3 
R1,R4 
R5,R3,R1 
*AR4,R1 

R5,R3 

*AR4,R3 

R1, *+AR2 
R4,R2,R1 
*AR4,R1 

R3, *AR2++(IRO) 
R4,R2 

*AR4,R2 

R1, *+AR3 

R2, *AR3++(IRO) 


@LPCNT, RO 
INLOP 


we 


. 
, 


. 
v 


Ne Se Me Ne 


. 
a 

e 
a 
a 

° 
, 
a 


e 
a 
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x (13) =R2*CO3+R4*SI3 


LOOP BACK TO THE INNER LOOP 


Point to SIN(45) 
Create cosine index AR4=CO21 


R1=X (I) +X (12) 
R2=X (I) —X (12) 


R3=Y (I) +Y (12) 


R4=Y (I) -Y (I2) 
R5=X (I1) +X (33) 
R6=R5—R1 
R1=R1+R5 


R5=Y (I1)+Y(I3) 
R7=R3—-R5 
R3=R3+R5 

Y (I) =R3+R5 

X (I) =R1+R5 
R1=X (I1)—-X (13) 


R3=¥ (11) 7 (13) 

Y (I1) =R5—R1 
X(I1)=R3—-R5 
R5=R2+R3 

R2=—R2+R3 

R3=R4-R1 

R4=R4+R1 

R1=R3—-R5 
R1=R1*CO21 
R3=R3+R5 
R3=R3*CO21 

Y (I2) =(R3—-R5) *CO21 
R1=R2—-R4 
R1=R1*CO021 

X (I2) =(R3+R5) *CO21 
R2=R2+R4 
R2=R2*CO21 

Y (I3) =~ (R4—R2) *CO21 
X (I3) =(R4+R2) *CO21 


Loop back to the inner loop 
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CONT 


LDI . @RPTCNT, AR7 

LDI @IEINDX, AR6 , 

LSH 2,AR7 ; Increment repeat counter for 
; next time 

STI AR7, @RPTCNT 

LSH 2,AR6 7; IE=4*IE 

STI AR6, @IEINDX 

LDI RO, IRO 7; N1=N2 

LSH =3.,,R0 

ADDI 2,R0 

STI RO, @JT 7 JT=N2/24+2 

SUBI 2,R0 

LSH 1,R0 + N2=N2/4 

BR LOOP 7; Next FFT stage 


* STORE RESULT OUT USING BIT—REVERSED ADDRESSING 


END: 


| | 
BITRV 


SELF: 


LDI @FFTSIZ,RC 3; RC=N 
SUBI 1,RC ; RC should be one less than desired # 
LDI @FFTSIZ,IRO j IRO=size of FFT=N 

LDI 2, IR1 

LDI @INPUT, ARO 

LDP STORE 

LDI @STORE, AR1 

RPTB BITRV 

LDF *+ARO (1) ,RO 

LDF *ARO++ (IRO)B,R1 

STE RO, *+AR1 (1) 

STF R1, *AR1++ (IR1) 

BR SELF ; Branch to itself at the end. 
-end 


Most often, the data to be transformed is a sequence of real numbers. In this 
case, the FFT demonstrates certain symmetries that permit the reduction of 
the computational load even further. Example 11-38 shows the generic imple- 
mentation of a real-valued, radix-2 FFT. For such an FFT, the total storage re- 
quired for a length-N transform is only N locations; in a complex FFT, 2N are 
necessary. Recovery of the rest of the points is based on the symmetry condi- 
tions. 
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Example 11-38. Real, Radix-2 FFT 


* 


+ + eH He FH FHF FHF HF HK FF FX 


* 


TITL REAL, RADIX-2 FFT 


GENERIC PROGRAM TO DO A RADIX—-2 REAL FFT COMPUTATION IN TMS320C3x. 


THE PROGRAM IS TAKEN FROM THE PAPER BY SORENSEN ET AL., JUNE 1987 
ISSUE OF THE TRANSACTIONS ON ASSP. 


THE REAL, DATA RESIDE IN INTERNAL MEMORY. THE COMPUTATION IS 


DONE IN-PLACE. THE BIT—REVERSAL IS DONE AT THE BEGINNING OF 
THE PROGRAM. 


THE TWIDDLE FACTORS ARE SUPPLIED IN A TABLE PUT IN A .DATA 
SECTION. THIS DATA IS INCLUDED IN A SEPARATE FILE TO PRESERVE 
THE GENERIC NATURE OF THE PROGRAM. FOR THE SAME PURPOSE, THE 
SIZE OF THE FFT N AND LOG2(N) ARE DEFINED IN A .GLOBL DIRECTIVE 
AND SPECIFIED DURING LINKING. THE LENGTH OF THE TABLE IS 

N/4 + N/4 = N/2. 


-globl FFT ; Entry point for execution 
-globl N ; FFT size 
-globl M ; LOG2 (N) 


«jlobl SINE Address of sine table 


-bss INP, 1024 Memory with input data 


‘ee 


-text 


INITIALIZE 


FFTSIZ .word N 
LOGFFT. .word M 
SINTAB .word SINE 


INPUT .word INP 
FFT: LDP . ER TSS ; Command to load data page printer 
* DO THE BIT-REVERSING AT THE BEGINNING 
LDI ~ @PFFTSIZ,RC 7; RC=N 
SUBI 1 RC ; RC should be one less than desired # 
LDI @FFTSIZ, IRO : 
LSH —1,IRO ; TRO=half the size of FFT=N/2 
LDI @INPUT, ARO 
LDI @INPUT, AR1 
RPTB BITRV 
CMP I AR1, ARO ; Exchange locations only 
BGE CONT ; if ARO<AR1 
LDF *ARO, RO 
| | LDF *AR1,R1 
STF RO, *AR1 
| | STF R1, *ARO 
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CONT NOP *ARO++ 
BITRV NOP *ARI++ (IRO)B 


*  LENGTH-TWO BUTTERFLIES 


LDI @INPUT, ARO ; ARO points to X(T) 
LDI IRO,RC ; Repeat N/2 times 
SUBI 1,RC ; RC should be one less than desired # 
“RPTB BLK1 
ADDF *+ARO, *ARO++, RO 
* 3; RO=X (I) +X (I+1) 
SUBF *ARO, *-ARO,R1 : 
* ; R1l=X(I)—-X(I+1) 
BLK1 STF RO, *—ARO ,;) X(I)=X (1) +X (1I+1) 
|| STF R1, *ARO++ > X(I+1) =X (I) -—X (1I4+1) 


* FIRST PASS OF THE DO—20 LOOP (STAGE K=2 IN DO-10 LOOP) 


LDI @ INPUT, ARO ; ARO points to X(I) 
LDI 2, 1RO ; ; IRO=2=N2 
LDI @FFTSIZ,RC 
LSH =2;,RC ; Repeat N/4 times 
SUBI LeRe ; RC should be one less than desired # 
RPTB BLK2 
ADDF ~*+AR0(IRO), *ARO++(IRO),RO 
x ; RO=X(I)+X(I+2) 
SUBF *ARO, *-ARO (IRO),R1 
} ; R1l=X(I)—X (I+2) 
NEGE *+ARO,RO 3; RO=—-X (I+3) 
| | STF RO,*—ARO(IRO) ; X(I)=X(1I)+X(I+2) 
BLK2 STF R1, *ARO++ (IRO) 
k 3; X(I+2) =X (I)—-X (I+2) 
1 | STF RO, *+ARO ; X(I+3)=—xX (I+3) 


* MAIN LOOP (FFT STAGES) 


LDI @FFTSIZ,IRO 
LSH —2,IRO ; IRO=index for E 
LDI 3,R5 ; RS holds the current stage number 
LDI 1,R4 ; R4=N4 
LDI 2,R3 ; R3=N2 
LOOP LSH —1,IRO ; E=E/2 
LSH 1,R4 ; N4=2*N4 
LSH 1,R3 ; N2=2*N2 


* INNER LOOP (DO-20 LOOP IN THE PROGRAM) 


LDI @INPUT, ARS ; ARS points to X(I) 

INLOP LDI IRO, ARO 
ADDI @SINTAB, ARO ; ARO points to SIN/COS table 
LDI R4,IR1 ; IRL=N4 
LDI AR5,AR1 
ADDI 1,AR1 ; AR1 points to X(I1)=X(I+J) 
LDI AR1,AR3 
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Example 11-38. Real, Radix-2 FFT (Concluded) 


BLK3 


END 


ADDI 
LDI 


SUBI 
ADDI 


LDF 
ADDF 


SUBF 


STF 


NEGF 
NEGF 


STF 
STF 


LDI 


LSH 
LDI 


SUBI 


RPTB 
MPYF 


MPYF 
MP YF 
ADDF 
MPYF 


SUBF 
SUBF 
ADDF 
STF 
ADDF 
STF 
SUBF 
STF 


STF 


SUBI 
ADDI 
CMP I 
BLTD 
ADDI 
NOP 
NOP 


ADDI 
CMP I 
BLE 


BR 
.end 


R3,AR3 ; AR3 points to X(1I3) =X (I+J+N2) 
AR3, AR2 

2,AR2 7; AR2 points to X(1I2)=X (I-J+N2) 
R3,AR2,AR4 3 AR4 points to X(1I4)=X(I-J+N1) 


*AR5++(IR1) , RO 

; RO=X (I) 
*+AR5 (IR1),RO,R1 

. ; R1=X(I)+X (I+N2): 

RO, *++AR5 (IR1) ,RO | 

; RO=—X (I) +X (I+N2) 
R1,*-AR5(IR1) ; X(I)=X(I)+X(I+N2) 
RO ; RO=X(I)—X (I+N2) 
*++AR5 (IR1),R1 

; R1=—X (I+N4+N2) 
RO, *ARS X (I+N2) =X (I) —X (I+N2) 
R1, *ARS ; X(I+N4+N2) =-X (I+N4+N2) 


“se 


* INNERMOST LOOP 


@FFTSIZ,IR1 


—2,IR1 ; IR1l=separation between SIN/COS tbls 
R4,RC a : 

2,RC ; Repeat N4-1 times 

BLK3 


*AR3,*+ARO (IR1) ,RO 
; RO=X(1I3) *COS 
*AR4,*ARO,R1 ; R1l=X(1I4)*SIN 
*AR4,*+ARO(IR1),R1 ; R1=X (14) *COS 
RO,R1, R2 7 R2=X (13) *COS+X (14) *SIN 
*AR3, *ARO++(IRO) ,RO 
- 7 RO=X(I3) *SIN 


RO,R1,RO ; RO=—X (I3) *SIN+X (14) *COS 
*AR2,RO,R1 - 3 R1l=—-X (12) +R0 

*AR2,RO,R1L 3; R1L=X(I2)+R0 

R1, *AR3++ ; X(I3)=-X (12) +RO 

*AR1,R2,R1 ; R1=X(I1)+R2 

R1, *AR4—— ; X(14)=X (12) +R0 

R2,*AR1,R1 ; R1l=X(I1)—-R2 

R1, *AR1++ 3; X(I1L)=X(1I1)+R2 

R1, *AR2-— ; X(I2)=X(I1)—-R2 

-@INPUT, ARS 

R4,AR5 7; ARS=I+N1 

@FFTSIZ,AR5 

INLOP i Loop back to the inner loop 
@INPUT, AR5 

1,R5 

@LOGFFT,R5 

LOOP 

END ; Branch to itself at the end. 
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The TMS320C3x quickly executes FFT lengths up to 1024 points (complex) 
or 2048 (real), covering most applications, because it can do so almost entirely 
in on-chip memory. Table 11-1 summarizes the execution time required for 
FFT lengths between 64 and 1024 points for the three algorithms in 
Example 11-35, 11-37, and 11-38. 


Table 11-1. TMS320C3x FFT Timing Benchmarks 


Number FFT Timing 
of Points in milliseconds 
RADIX-2 RADIX-4 RADIX-2 
(Complex) (complex) (real) 


* Code is found in Digital Signal Processing Applications With the TMS320 Family, 
Volume 3. 


11.4.5 Lattice Filters 
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The lattice form is an alternative way of implementing digital filters; it has found 
applications in speech processing, spectral estimation, and other areas. In this 
discussion, the notation and terminology from speech processing applications 
are used. 


If H(z) is the transfer function of a digital filter that has only poles, A(z) = 1/H(z) 
will be a filter having only zeros, and it will be called the inverse filter. The in- 
verse lattice filter is shown in Figure 11-5. These equations describe the filter 
in mathematical terms: 


f (in) = f(i—1,n) +k (i) b(i-,n-1) 
b (in) =b(i-1,n-1) +k (i) f(i-7,n) 
Initial conditions: 

f(0,n) = D(0,n) = x(n) 

Final conditions: 

y(n) =f(p,n). 


In the above equation, f (i,n) is the forward error, b (i,n) is the backward error, 
k (/)is the th reflection coefficient, x (n) is the input, and y (n) is the output 
signal. The order of the filter (i.e., the number of stages) is p. In the linear pre- 
dictive coding (LPC) method of speech processing, the inverse lattice filter is 
used during analysis, and the (forward) lattice filter during speech synthesis. 
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Figure 11—6 shows the data memory organization of the inverse lattice-filter on 
the TMS320C3x. 


Figure 11-6. Data Memory Organization for Lattice Filters 


Reflection Backward 
Coefficients Propagation Terms 
Low 
Address |___K1)_ | b(0,n-1) 
k(2) b(1,n-1) 
@ 
e e 
2 
High 
Address () p 
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Example 11-39. Inverse Lattice Filter 
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TITL INVERSE LATTICE FILTER 


SUBROUTINE LATINV 


LATINV == LATTICE FILTER (LPC INVERSE FILTER — ANALYSIS) 


TYPICAL CALLING SEQUENCE: — 


load - R2 
load ARO 
load . AR1 
load RC 


CALL LATINV 


ARGUMENT ASSIGNMENTS: 
ARGUMENT| FUNCTION 


ont ae ame ee cs es $+——- —-—- — — — — 
R2 {| £(0,n) = x(n) 
ARO | ADDRESS OF FILTER COEFFICIENTS (k (1) ) 
AR1 | ADDRESS OF BACKWARD PROPAGATION 

| VALUES (b(0,n-1)) 
RC | RO =p-2 


REGISTERS USED AS INPUT: R2, ARO, AR1, RC 
REGISTERS MODIFIED: RO, Rl, R2, R3, RS, RE, RC, ARO, AR1 
REGISTER CONTAINING RESULT: R2 (f(p,n)) 


PROGRAM SIZE: 10 WORDS 


EXECUTION CYCLES: 13 + 3 * (p—1) 


-global LATINV 


i=l 


LATINV MPYF3 *ARO, *AR1, RO 


; k(1) * b(0,n-1) —> RO 
* Assume £(0,n) —> R2. 


LDF R2,R3 7; Put b(0,n) = £(0,n) —> R3. 
MPYF3 *ARO++(1),R2,R1 


; k(1) * £(0,n) —> R1 
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* 2<= i <= p 
* 
RPTB LOOP 
MPYF3 *ARO, *++AR1(1),RO sk(i) * b(i-1,n-1) —> RO 
| | ADDF3 R2,R0,R2 ; f (i-1-1,n) +k (i-1) 
* ; *b(i-1-1,n-1) 
= ; = £(i-l,n) —> R2 
* 
* + b(i-1-1,b-1) +k (i-1) *f£ (1-1-1, n) 
ADDF3 *—AR1(1), Rl, R3; = b(i-l,n) —> R3 
ll STF R3, *-AR1 (1) + b(i-1-1,n) -—> b(i-1-1,n-1) 
* 
LOOP MPYF3 *ARO++(1),R2,R1 
= ; k(i) * £(i-1,n) -> R1 
* : % - 
* I = Pt+l (CLEANUP) 
ADDF3 R2,RO,R2 ; £(p-1,n)+k(p) *b (p-1,n—-1) 
* ; = £(p,n) -—> R2 
* 
* ; b(p-1,n—-1)+k(p) *£ (p-1,n) 
ADDF3 *AR1, R1, R3 + = b(p,n) —> R3 
11 STF R3, *ARL ; b(p-l,n) —> b(p-1,n-1) 
* F 
* RETURN SEQUENCE 
* 
RETS ; RETURN 
* 
* end 
* 
.end 


The forward lattice filter is similar in structure to the inverse filter, as shown in 
Figure 11-7. These corresponding equations describe the lattice filter: 


f(i-1,n) =f (in) —k (i) b(i-1,n -1) 
b (in) = b(i-A,n-1) + k (i) F(i-,n) 


Initial conditions: 

f(p,n) =x(n), b(i,sn-1)=0 ~~ fori =1,...,p - 
Final conditions: 

y (n) = F(0,n). 


The data memory organization is identical to that of the inverse filter, as shown 
in Figure 11-6. Example 11-40 shows the implementation of the lattice filter 
on the TMS320C3x. 
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Figure 11-7. Structure of the (Forward) Lattice Filter 
x(n) f(p—1, n) f(2, n) f(1, n) y(n) 


b(p—1, n) b(2, n) 


Example 11-40. Lattice Filter 


* TITL LATTICE FILTER 

* % : 

* 

* SUBROUTINE LA TICE 

* 

* LOAD ARO 

* LOAD AR1 

* LOAD RC 

* CALL LATICE 

* , 

* 

* ARGUMENT ASSIGNMENTS: 

*  ARGUMENT| FUNCTION 

Fe eee 5 ae ee re ae EE Pe 

* ~~ R2 | F(P,N) = E(N) = EXCITATION 

* ARO | ADDRESS OF FILTER COEFFICIENTS (K(P)) 

* ARI | ADDRESS OF BACKWARD PROPAGATION VALUES (B(P-1,N-1) ) 
IRO | 3 
RC | RC =P —-3 


REGISTERS USED AS INPUT: R2, ARO, AR1, RC 

REGISTERS MODIFIED: RO, Rl, R2, R3, RS, RE, RC, ARO, ARI 
REGISTER CONTAINING RESULT: R2 (f(0,n)) 

‘STACK USAGE: NONE 

PROGRAM SIZE: 12 WORDS 


EXECUTION CYCLES: 15 + 3 * (P—2) 


+ + £ FFF F HF F KF HF OF 


-global LATICE 


LATICE MPYF3 *ARO, *AR1,RO 


* ; K(P) * B(P-1,N-1) —> RO 
; ASSUME F(P,N) —> R2. | 
| SUBF3 RO, R2,R2 ; F(P,N)—-K(P)*B(P=-1,N—1) =F(P—1,N) —> R2 
I | MPYF3 *—-ARO (1), *--AR1(1),RO 
; K(P-1) * B(P—2,N-1) —> RO 


SUBF3 RO,R2,R2 ; F(P-1,N)—K(P-1)*B(P-2,N—-1) =F (P—2,N) —> R2 


I | MPYF3 *—-ARO (1), *--AR1(1),R0O 
PRR =2) -* EB (P=3, NS RO 
MPYF3 R2,*+AR0(1),;R1l > F(P-2,N) * K(P=1) => R1 
ADDF3 R1,*+AR1(1),R3; F(P-2,N) * K(P-1) + B(P-2,N-1) = B(P-1,N) —> R3 
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; 1 <= 1 <= P-2 


* 
RPTB LOOP 
SUBF3 RO,R2,R2 3 P(I,N) ~— K(I) * B(I-1,N-1) =F(I-1,N) —> R2 
1 | MPYF3 *—-ARO(1),*—-AR1(1),R0 
; K(I-1) * B(I-2,N-1) —> RO 
STF R3,*+AR1(IRO) ; B(I+1,N) —> B(I+1,N-1) 
| | MPYF3 R2,*+ARO(1),R1; F(I-1,N) * K(I) -> Rl 
LOOP ADDF3 R1,*+AR1(1),R3; F(I-1,N) * K(I) + B(I-1,N-1) =B(I,N) -—> R3 
STE R3, *+AR1 (2) ; B(1,N) —> B(1,N-1) 
STF R2, *+AR1 (1) ; F(O,N) —> B(0,N-1) 
* RETURN SEQUENCE 
* 
RETS 
* 
x end 
* 
.end 
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11.5 Programming Tips 


Programming style is highly personal and reflects each individual's prefer- 
ences and experiences. The purpose of this section is notto impose any partic- 
ular style. Instead, it emphasizes some of the features of the TMS320C3x that 
can help in producing faster and/or shorter programs. The tips cover both C 
compiler and assembly language programming. 


11.5.1 C-Callable Routines 


. The TMS320C3x was designed with a large register file, software stack, and 
large memory space in order to implement a high-level language (HLL) compil- 
er easily. The first such implementation supplied is a C compiler. Use of the C 
compiler increases the transportability of applications that have been tested 
on large, general-purpose computers, and decreases their porting time. 


For best usage of the compiler, complete the following steps: 


) Write the application in the high-level language. 

) Debug the program. 

3) Estimate if it runs in real-time. 
) If it doesn’t, identify places where most of the execution time is spent. 
) Optimize these areas by writing assembly language routines that imple- 
ment the functions. 

6) Call the routines from the C program as C functions. 


Whenwriting aC program, you can increase the execution speed by maximiz- 
ing the use of register variables. For more information, refer to the TMS320C3x 
C Compiler Reference Guide. 


Certain conventions must be observed in writing a C-callable routine. These 
conventions are outlined in the Runtime Environment chapter of the 
TMS320C3x C Compiler Reference Guide. Certain registers are saved by the 
calling function, and others need to be saved by the called function. The C com- 
piler manual helps achieve a clean interface. The end result is the readability 
and natural flow of a high-level language combined with the efficiency and spe- 
cial-feature use of assembly language. 


11.5.2 Hints for Assembly Coding 
Each program has particular requirements. Not all possible optimizations will 


make sense in every case. The suggestions presented in this section can be 
used as a checklist of available software tools. 
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Use delayed branches. Delayed branches execute ina single cycle; reg- 
ular branches execute in four. The following three instructions are also ex- 
ecuted whether the branch is taken or not. If fewer than three instructions 
can be used, use the delayed branch and append NOPs. Machine cycles 
(time) are still being saved. 


Apply the repeat single/block construct. In this way, loops are achieved 
with no overhead. Nesting such constructs will not normally increase effi- 
ciency, so try to use the feature on the most often performed loop. Note 
that RPTS is notinterruptible, and the executed instruction is not refetched 
for execution. This frees the buses for operands. 


Use parallel instructions. It is possible to have a multiply in parallel with 
an add (or subtract) and to have stores in parallel with any multiply or ALU 
operation. This increases he number of operations executed in a single 
cycle. For maximum efficiency, observe the addressing modes used in 
parallel instructions and arrange the data appropriately. | 


Maximize the use of registers. The registers are an efficient way to ac- 
cess scratch-pad memory. Extensive use of the register file facilitates the 
use of parallel instructions and helps avoid pipeline conflicts when you use 
the registers in addressing modes. 


Use the cache. Especially in conjunction with external slow memory. The 
cache is transparent to the user, so make sure that it is enabled. 


Use internal memory instead of external memory. The internal 
memory (2K x 32 bits RAM and 4K x 32 bits ROM) is considerably faster 
to access. In a single cycle, two operands can be brought from internal 
memory. You can maximize performance if you use. the DMA in parallel 
with the CPU to transfer data to internal memory before you operate on 
them. 


Avoid pipeline conflicts. If there is no problem with program speed, ig- 
nore this suggestion. For time-critical operations, make sure that cycles 
are not missed because of conflicts. To identify conflicts, run the trace func- 
tion on the development tools (simulator, emulators) with the program trac- 
ing option enabled. The tracing immediately identifies the pipeline con- 
flicts. Consult the appropriate section of this User’s Guide for an explana- 
tion of the reason for the conflict. You can then take steps to correct the 

problem. 


The above checklist is not exhaustive, and it does not address the more de- 
tailed features outlined in the different sections of this manual. To learn how 
to exploit the full power of the TMS320C3x, TI recommends careful study of 
the architecture, hardware configuration, and instruction set of the device, de- 
scribed in earlier chapters. 7 
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Chapter 12 


Hardware Applications 


The TMS320C3x’s advanced interface design can be used to implement a 
wide variety of system configurations. Its two external buses and DMA capabil- 
ity provide a parallel 32-bit interface to external devices, while the interrupt in- 
terface, dual serial ports, and general-purpose digital I/O provide communica- 
tion with a multitude of peripherals. 


This chapter describes how to use the TMS320C3x’s interfaces to connect to 
various external devices. Specific discussions include implementation of par- 
allel interface to devices with and without wait states, use of general-purpose 
/O, and system control functions. All interfaces shown in this chapter have 
been built and tested to verify proper operation and apply to the 
TMS320C30-33. Comparable designs for the other TMS320C3x devices can 
be implemented with appropriate logic. 


Major topics discussed in this chapter are as follows: 
Ci System Configuration Options Overview (Section 12.1 on page 12-2) 
Ci =Primary Bus Interface (Section 12.2 on page 12-4) 


H@ Zero Wait-State Interface to RAMs 
— Ready Generation 
® Bank Switching Techniques 


[Ci Expansion Bus Interface (Section 12.3 on page 12-18) 


m@ A/D Converter Interface 
m@ D/A Converter Interface 


Ci System Control Functions (Section 12.4 on page 12-25) 


‘= Clock Oscillator Circuitry 
m@ Reset Signal Generator 


Gi Serial Port Interface (Section 12.5 on page12-30) 


Ci User Target Design Considerations When Using the XDS1000 
— (Section 12.6 on page 12-34) 


Gi User Target Design Considerations When Using the Hewlett Package 
64776 Analysis Subsystem (Section 12.7 on page 12-37). 


Ci =TMS320C30 and TMS320C31 Differences (Section 12.8 on page 12-41). 
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12.1 System Configuration Options Overview 


The various TMS320C3x interfaces connect to a wide variety of different de- 
vice types. Each of these interfaces is tailored to a particular family of devices. 


12.1.1 Categories of Interfaces on the TMS320C3x 


The interface types on the TMS320C3x fall into several different categories, 
depending on the devices to which they are intended to be connected. Each 
interface comprises one or more signal lines that transfer information and con- 
trol its operation. Shown in Figure 12-1 are the signal line groupings for each 
of these various interfaces. 


Figure 12-1. External Interfaces on the TMS320C3x 
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All of the interfaces are independent of one another and different operations 
may be performed simultaneously on each interface. 


The primary and expansion buses implement the memory-mapped interface 
to the device. The external DMA interface allows external devices to cause the 
processor to relinquish the primary bus and allow direct memory access. 
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12.1.2 Typical System Block Diagram 


The devices that can be interfaced to the TMS320C3x include memory, DMA 
devices, and numerous parallel and serial peripherals and I/O devices. 
Figure 12-2 illustrates atypical configuration of a TMS320C3x system with dif- 
ferent types of external devices and the interfaces to which they are connected. 


DMA Devices " 
¥ TMS320C3x 
External DMA Interface o-D Peripherals 


Primary Bus Expansion Bus 


Figure 12-2. Possible System Contigurations 
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This block diagram constitutes essentially a fully expanded system. In an ac- 
tual design, any subset of the illustrated configuration may be used as appro- 
priate. 
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12.2 Primary Bus Interface 


The TMS320C3x uses the primary bus to access the majority .of its 
memory-mapped locations. Therefore, typically, when a large amount of exter- 
nal memory is required in a system, it is interfaced to the primary bus. The ex- 
pansion bus (discussed in Section 12.3 on page 12-18) actually comprises two 
mutually exclusive interfaces, controlled by the MSTRB and IOSTRB signals, 
respectively. Cycles on the expansion bus controlled by the MSTRB signal are 
essentially equivalent to cycles on the primary bus, with the exception that 
bank switching is not implemented on the expansion bus. Accordingly, the dis- 
cussion of primary bus cycles in this section applies equally to MSTRB cycles 
on the expansion bus. 


Although both the primary bus and the expansion bus may be used to interface 
to a wide variety of devices, the devices most commonly interfaced to these 
buses are memories. Therefore, detailed examples of memory interface are 
presented in this section. 


12.2.1 Zero Wait-State Interface to Static RAMs 
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Zero wait-state read access time for the TMS320C3x is determined by the dif- 
ference between the cycle time (specification 10 on page 13-21) and the sum 
of the times for H1 low to address valid (specification 11 on page 13-23) and 
data setup before next H1 low (specification 15.1 on page 13-23). For exam- 
ple, for full-speed, zero wait-state interface to any device, the 60-ns 
TMS320C3x requires a read access time of 30 ns from address stable to data 
valid. Because, for most memories, access time from chip select is the same 
as access time from address, it is theoretically possible to use 30-ns memories 
at full speed with the TMS320C38x-33. This, however, dictates that there be no 
delays present between the processor and the memories. This is usually not 
the case in practice, because of interconnection delays and the fact that some 
gating is normally required for chip-select generation. Therefore, slightly faster 
memories are generally required inmost systems. _ 


Among currently available RAMs, there are two distinct categories of devices 
with different interface characteristics: RAMs without output enable control 
lines (OE), which include the 1-bit wide organized RAMs and most of the 4-bit 
wide RAMs, and those with OE controls, which include the byte-wide and a few 
of the 4-bit wide RAMs. Many of the fastest RAMs do not provide OE control; 
they use chip-select (CS) controlled write cycles to insure that data outputs do 
not turn on for write operations. In CS-controlled write cycles, the write control 
line (WE) goes low before CS goes low, and internal logic holds the outputs 
disabled until the cycle is completed. Using CS- -controlled write cycles is an ef- 
ficient way to interface fast RAMs without OE controls to the TMS320C30 at 
full speed. 


In the case of RAMs with OE controls, the use of this signal can provide added 
flexibility in many systems. Additionally, many of these devices can be inter- 
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faced using CS-controlled write cycles with OE tied low, in the same manner 
as with RAMs without OE controls. There are, however, two requirements for 
interfacing to OE RAMs in this fashion. First, the RAMs OE input must be gated 
with chip select and WE internally so that the device’s outputs do not turn on 
unless a read is being performed. Second, the RAM must allow its address in- 
puts to change while WE is low; some RAMs specifically prohibit this. 


Figure 12-3 shows the TMS320C3x interfaced to Cypress Semiconductor's 
CY7C186 25-ns 8K x 8-bit CMOS static RAMs with the OE control input tied 
low and using a CS-controlled write cycle. 
Figure 12-3. TMS320C3x Interface to Cypress Semiconductor CY7C 186 CMOS SRAM 
4 x CY7C186-25 
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In this circuit, the two chip selects on the RAM are driven by STRB and A23, 
which are ANDed together internally. The use of A23 locates the RAM at ad- 
dresses 00000h through O3FFFh in external memory, and STRB establishes 
the CS-controlled write cycle. The WE control input is then driven by the 
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TMS320C3x R/W signal, and the OE input is not used and is therefore con- 
nected to ground. 


The timing of read operations, shown in Figure 12-4, is very straightforward 
because the two chip select inputs are driven directly. The read: access time 
of the circuit is therefore the inverter propagation delay added to the RAMs chip 
select access time, ort; +to=5+25=30ns. This access time therefore meets 
the TMS320C3x-33’s specified 30-ns read access time requirement. 


vee 12-4, Read Operations Timing 
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During write operations, as shown in Figure 12—5, the RAM’s outputs do not 
turn on at all, because of the use of the chip-select controlled write cycles. The 
chip-select controlled write cycles are generated because R/W goes active 
(low) before the STRB term of the chip-select input. Because the RAMs output 
‘drivers are disabled whenever the WE input is low (regardless of the state of 
the OE input), bus conflicts with the TMS320C3x are automatically avoided 
with this interface. The circuit's data setup and hold times (ty and to in the timing 
diagram) of approximately 50 and 20 ns, respectively, also Seely meet the 
RAWM’s timing requirements of 10 and O ns. 
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If more complex chip-select decode is required than can be accomplished in 
time to meet zero-wait state timing, wait states or bank switching techniques 
(discussed in a later section) should be used. 


Note that the CY7C186’s OE control is gated internally with CS; therefore, the 
RAM’s outputs are not enabled unless the device is selected. This is critical if 
there are any other devices connected to the same bus; if there are no other 
devices connected to the bus, then OE need not be gated internally with chip 
select. 


RAMs without OE controls can also be easily interfaced to the TMS320C3x by 
using a similar approach to that used with RAMs with OE controls. If only one 
bank of memory is imp'=mented, and no other devices are present on the bus, 
the memories’ CS input can usually be connected to STRB directly. If several 
devices must be selected, however, a gate is generally required to AND the de- 
vice select and STRB to drive the CS input to generate the chip-select con- 
trolled write cycles. In either case, the WE input is driven by the TMS320C3x 
R/W signal. Provided sufficiently fast gating is used, 25-ns RAMs may still be 
used. 


As with the case of RAMs with OE control lines, this approach works well if only 
afew banks of memory are implemented where the chip-select decode can be 
accomplished with only one level of gating. If many banks are required to imple- 
ment very large memory spaces, bank switching can be used to provide for 
multiple bank select generation while still maintaining full-speed accesses 
within each bank. Bank switching is discussed in detail in a later section. 
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12.2.2 Ready Generation 
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The use of wait states can greatly increase system flexibility and reduce hard- 
ware requirements over systems without wait-state. capability. The 
TMS320C3x has the capability of generating wait states on either the primary 
bus or the expansion bus, and both buses have independent sets of ready con- 
trol logic. This subsection discusses ready generation from the perspective of 


_ the primary bus interface; however, wait-state operation on the expansion bus 


is similar to that of the primary bus. Therefore, these discussions pertain equal- 
ly well to expansion bus operation. Accordingly, ready generation is not in- 
cluded in the specific discussions of the expansion bus interface. 


Wait states are generated on the basis of 
Ly =the internal wait-state generator, 

Cy the external ready input (RDY), or 

Ci =the logical AND or OR of the two. 


When enabled, internally generated wait states effect all external cycles, re- 
gardless of the address accessed. If different numbers of wait states are re- 
quired for various external devices, the external RDY input may be used to tai- 
lor wait-state generation to specific system requirements. 


If the logical AND (electrical OR) of the wait count and external ready signals 
is selected, the later of the two signals will control the internal ready signal, and 


both signals must occur. Accordingly, external ready control must be implem- 


ented for each wait-state device, and the wait count ready signal must be en- 
abled. 


If the logical OR (or electrical AND, since the signals are low true) of the exter- 
nal and internal wait-count ready signals is selected, the earlier of the two sig- 
nals will generate a ready condition and allow the cycle to be completed. It is 
not required that both signals be present. 


ORing of the Ready Signals 


The OR of the two ready signals can be used to implement wait states for de- 
vices that require a greater number of wait states than are implemented with 
external logic (up to seven). This feature is useful, for example, ifasystem con- 
tains some fast and some slow devices. In this case, fast devices can generate 
a ready signal externally with a minimum of logic, and slow devices can use 
the internal wait counter for larger numbers of wait states. Thus, when fast de- 
vices are accessed, the external hardware responds promptly with a ready sig- 
nal that terminates the cycle. When slow devices are accessed, the external 
hardware does not respond, and the cycle is appropriately terminated after the 
internal wait count. 


The OR of the two ready signals may also be used if conditions occur that re- 
quire termination of bus cycles prior to the number of wait states implemented 
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with external logic. In this case, a shorter wait count is specified internally than 
the number of wait states implemented with the external ready logic, and the 
bus cycle is terminated after the wait count. This feature may also be used as 
a safeguard against inadvertent accesses to nonexistent memory that would 
never respond with ready and would therefore lock up the TMS320C3x. 


If the OR of the two ready signals is used, however, and the internal wait-state 
count is less than the number of wait states implemented externally, the exter- 
nal ready generation logic must have the ability to reset its sequencing to allow 
a new cycle to begin immediately following the end of the internal wait count. 
This requires that, under these conditions, consecutive cycles must be from 
independently decoded areas of memory and that the external ready genera- 
tion logic be capable of restarting its sequence as soon as anew cycle begins. 
Otherwise, the external ready generation logic may lose synchronization with 
bus cycles and therefore generate improperly timed wait states. 


ANDing of the Ready Signals 


The AND of the two ready signals can be used to implement wait states for de- 
vices that are equipped to provide a ready signal but cannot respond quickly 
enough to meet the TMS320C3x’s timing requirements. In particular, if these 
devices normally indicate a ready condition and, when accessed, respond with 
a wait until they become ready, the logical AND of the two ready signals can 
be used to save hardware in the system. In this case, the internal wait counter 
can provide wait states initially and becomes ready after the external device 
has had time to send a not ready indication. The internal wait counter then re- 
mains ready until the external device also becomes ready, which terminates 
the cycle. 


Additionally, the AND of the two ready signals may be used for extending the 
number of wait states for devices that already have external ready logic im- 
plemented but require additional wait states under certain unique circum- 
stances. 


External Ready Generation 


In the implementation of external ready generation hardware, the particular 
technique employed depends heavily on the specific characteristics of the sys- 
tem. The optimum approach to ready generation varies, depending on the rela- 
tive number of wait-state and non-wait-state devices in the system and on the 
maximum number of wait states required for any one device. The approaches 
discussed here are intended to be general enough for most applications and 
are easily modifiable to comprehend many different system configurations. 


In general, ready generation involves the following three functions: 


1) Segmentation of the address space in some fashion to distinguish fast and 
slow devices. 
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2) Generating properly timed ready indications. 


3) Logically ORing all of the separate ready timing signals together to connect 
to the physical ready input. 


Segmentation of the address space is required to obtain a unique indication 
of each particular area within the address space that requires wait states. This 
segmentation is commonly implemented in a system in the form of chip-select 
generation. Chip-select signals may be used to initiate wait states in many 
cases; however, occasionally, chip-select decoding considerations may pro- 
vide signals that will not allow ready input timing requirements to be met. In this 
case, coarse address space segmentation may be made on the basis of a 
small number of address lines, where simpler gating allows signals to be gen- 
erated more quickly. In either case, the signal indicating that a particular area 
of memory is being addressed is normally used to initiate a ready or wait-state 
indication. 


Once the region of address space being accessed has been established, atim- 
ing circuit of some sortis normally used to provide a ready indication to the pro- 
cessor at the appropriate point in.the cycle to satisfy each device’s unique re- 
quirements. 


Finally, since indications of ready status from multiple devices are typically 
present, the signals are logically ORed by using a single gate to drive the RDY 
input. 


Ready Control Logic 


One of two basic approaches can be taken in the implementation of ready con- 
trol logic, depending upon the state of the ready input between accesses. If 
RDY is low between accesses, the processor is always ready unless a wait 
state is required; if RDY is high between accesses, the processor will always 
enter a wait state unless a ready indication is generated. 


If RDY is low between accesses, control of full-speed devices is straightfor- 


ward; no action is necessary because ready is always active unless otherwise 


required. Devices requiring wait states, however, must drive ready high fast 
enough to meet the input timing requirements. Then, after an appropriate 
delay, a ready indication must be generated. This can be quite difficult in many 
circumstances because wait-state devices are inherently slow and often re- 
quire complex select decoding. 


If RDY is high between accesses, zero wait-state devices, which tend to be in- 
herently fast, can usually respond immediately with a ready indication. Wait- 
state devices may simply delay their select signals appropriately to generate 
a ready. Typically, this approach results in the most efficient implementation 
of ready control logic. Figure 12-6 shows a circuit of this type, which can be 
used to generate 0, 1, or 2 wait states for multiple devices in a system. 


Hardware Applications 


se: spnnieiebenatneeinentniannetentententenitenteess 


gicbueseessinceeaasensecaeeeineeinitedeenb acetic genet aa tanaeat ae aac cee ae ease atau aA LTS tata tatcasatattatatoanattetattetacatte atataleeteateteateetetet speceeeccse: 


Figure 12-6. Circuit for Generation of 0, 1, or 2 Wait States for Multiple Devices 
74ALS138 


TMS320C30 
Address 


Bus 
STRB Device 
Selects 
2 Wait 
Status 
Devices 
a aie 74AS32 
Wait Status mn 5 STRB 
Devices 5 A23 
Other 0 
Wait-State 
Q 74AS20 Devices 
a. A23 
CJ 
4.7kQ Q 74AS21 
O 
‘3e, cere 
) > RDY 
e 
O 
H1 
RESET 


Example Circuit 


In this circuit, full-speed devices drive ready directly through the ’74AS21, and 
the two flip-flops delay wait-state devices’ select signals one or two H1 cycles 
to provide 1 or 2 wait states. 


Considering the TMS320C3x-33’s ready delay time of 8 ns following address, 
zero wait-state devices must use ungated address lines directly to drive the in- 
put of the ’74AS21, since this gate contributes a maximum propagation delay 
of 6 ns to the RDY signal. Thus, zero wait-state devices should be grouped to- 
gether within a coarse segmentation of address space if other devices in the 
system require wait states. 


With this circuit, devices requiring wait states may take up to 36 ns from a valid 
address onthe TMS320C3x to provide inputs to the *74AS20’s inputs. Typical- 
ly, this allows sufficient time for any decoding required in generating select sig- 
nals for slower devices in the system. For example, the 74ALS138, driven by 
address and STRB, can generate select decodes in 22 ns, which easily meets 
the TMS320C3x-33’s timing requirements. 
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With this circuit, unused inputs to either the 74AS20s or the 74AS21 should be 
tied to a logic high level to prevent noise from generating spurious wait states. 


If more than 2 wait states are required by devices within a system, other ap- 
proaches may be employed for ready generation. If between three and seven 
wait states are required, additional flip-flops may be included in the same man- 
ner shown in Figure 12-6, or internally generated wait states may be used in 
conjunction with external hardware. If more than seven wait states are re- 
quired, an external circuit using a counter may be used to supplement the ca- 
pabilities of the internal wait-state generators. 


12.2.3 Bank Switching Techniques 


The TMS320C3x’s programmable bank switching feature can greatly ease 
system design when large amounts of memory are required. Because, in gen- 
eral, devices take longer to release the bus than they take to drive the bus, 
bank switching is used to provide a period of time for disabling all device selects 
that would not normally be. present otherwise (refer to Section 7.4 for further 
information regarding bank switching). During this interval, slow devices are 
allowed time to turn off before other devices have the opportunity to drive the 
data bus, thus avoiding bus contention. 


When bank switching is enabled, any time a portion of the high order address 
lines changes, as defined by the contents of the BNKCMPR register, STRB 
goes high for one full H1 cycle. Provided STRB is included in chip-select de- 
codes, this causes all devices to be disabled during this period. The next bank 
of devices is not enabled until STRB goes low again. 


In general, bank switching is not required during writes, because these cycles 
always exhibit an inherent one-half H1 cycle setup of address information be- 
fore STRB goes low. Thus, when you use bank switching for read/write de- 
vices, a minimum of half of one H1 cycle of address setup is provided for all 
accesses. Therefore, large amounts of memory can be implemented without 
wait states or extra hardware required for isolation between banks. Also, note 
that access time for cycles during bank switching is the same as that of cycles 
without bank switching, and, accordingly, full-speed accesses may still be ac- 
complished within each bank. 


When you use bank switching to implement large multiple-bank memory sys- 
tems, an important consideration is address line fanout. Besides parametric 
specifications for which account must be made, AC characteristics are also 
crucial in memory system design. With large memory arrays, which commonly 
require large numbers of address line inputs to be driven in parallel, capacitive 
loading of address outputs is often quite large. Because all TMS320C3x timing 
specifications are guaranteed up to a capacitive load of 80 pF, driving greater 
loads will invalidate guaranteed AC characteristics. Therefore, it is often nec- 
essary to provide buffering for address lines when driving large memory ar- 
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rays. AC timings for buffer performance may then be derated according to 
manufacturer specifications to accommodate a wide variety of memory array 
sizes. 


The circuit shown in Figure 12-7 illustrates the use of bank switching with Cy- 
press Semiconductor’s ’CY7C185 25-ns 8K x 8 CMOS static RAM. This circuit 
implements 32K 32-bit words of memory with one wait-state accesses within 
each bank. 


Figure 12-7. Bank Switching for Cypress Semiconductor's CY7C185 
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A wait state is required with this implementation of bank memory because of 
the added propagation delay presented by the address bus buffers used in the 
circuit. The wait state is not a function of the memory organization of multiple 
banks or the use of bank switching. When bank switching is used, memory ac- 
cess speeds are the same as without bank switching, once bank boundaries 
are crossed. Therefore, no speed penalty is paid when bank switching is used, 
except for the occasional extra cycle inserted when bank boundaries are 
crossed. Note, however, that if the extra cycle inserted when bank boundaries 
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are crossed does impact software performance significantly, code can often 
be restructured to minimize bank boundary crossings, thereby reducing the ef- 
fect of these boundary crossings on software performance. 


The wait state for this bank memory is generated by using the wait-state gener- 
ator circuit presented in the previous section. Because A23 is the signal which 
enables the entire bank memory system, the inverted version of this signal is 
ANDed with STRB to derive a one wait-state device select. This signal is then 
connected in the circuit along with the other one-wait-state device selects. 
Thus, any time a bank memory access is made, one wait state is generated. 


Each of the four banks in this circuit is selected by using a decode of A15—A13 
generated by the 74AS138 (see Figure 12-8). With the BNKCMPR register 
set to OBh, the banks will be selected on even 8K-word boundaries starting at 
location O80A000h in external memory space. 
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Figure 12-8. Bank Memory Control Logic 
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The 74ALS2541 buffers used on the address lines are necessary in this design 
because the total capacitive load presented to each address line is amaximum 
of 20 x 5 pF or 100 pF (bank memory plus zero wait-state static RAM), which 
exceeds the TMS320C3x rated capacitive loading of 80 pF. Using the man- 
ufacturers derating curves for these devices at a load of 80 pF (the load pres- 
ented by the bank memory) predicts propagation delays at the output of the 
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buffers of a maximum of 16 ns. The access time of a read cycle within a bank 
of the memory is therefore the sum of the memory access time and the maxi- 
mum buffer propagation delay, or 25 + 16 = 41 ns, which, since it falls between 
30 and 90 ns, requires one wait state on the TMS320C3x-33. 


The 74ALS2541 buffers offer one additional system performance enhance- 
ment in that they include 25-ohm resistors in series with each individual buffer 
output. These resistors greatly improve the transient response characteristics 
of the buffers, especially when driving CMOS loads such as the memories used 
here. The effect of these resistors is to reduce overshoot and ringing, which 
is common when driving predominantly capacitive loads such as CMOS. Th 
result of this is reduced noise and increased immunity to latchup in the circuit, 
which in turn results in a more reliable memory system. Having these resistors 
included in the buffers eliminates the need to put discrete resistors in the sys- 
tem, which is often required in high-speed memory systems. 


This circuit cannot be implemented without bank switching, because data out- 
put’s turn-on and turn-off delays cause bus conflicts. Here, the propagation 
delay of the 74AS 138 is involved only during bank switches, where there is suf- 
ficient time between cycles to allow new chip selects to be decoded. 


The timing of this circuit for read operations using bank switching is shown in 
Figure 12-9. With the BNKCMPR register set to OBh, when a bank switch oc- 
curs, the bank address on address lines A23 — A13 is updated during the ex- 
tra H1 cycle while STRB is high. Then, after chip-select decodes have stabi- 
lized and the previously selected bank has disabled its outputs, STRB goes low 
for the next read cycle. Further accesses occur at normal bus timings with one 
wait state, as long as another bank switch is not necessary. Write cycles do not 
require bank switching due to the inherent address setup provided in their tim- 
ings. 
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Figure 12-9. Timing for Read Operations Using Bank Switching 
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This timing is summarized in Table 12—1. 


Table 12-1. Bank Switching Interface Timing 
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H1 falling to STRB 
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t Timing for the TMS320C3x-33. 
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12.3 Expansion Bus Interface 
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The TMS320C30’s expansion bus interface provides a second complete paral- 
lel bus, which can be used to implement data transfers concurrently with, and 
independent of, operations on the primary bus. The expansion bus comprises 
two mutually exclusive interfaces controlled by the MSTRB and IOSTRB sig- 
nals, respectively. This subsection discusses interface to the expansion bus 
using IOSTRB cycles; MSTRB cycles are essentially equivalent in timing to pri- 
mary bus cycles and are discussed in Section 12.2. This section applies to 
TMS320C30 devices. 


Unlike the primary bus, both read and write cycles on the I/O portion of the ex- 
pansion bus are two H1 cycles in duration and exhibit the same timing. The 
XR/W signal is high for reads and low for writes. Since I/O accesses take two 
cycles, many peripherals that require wait states if interfaced either to the pri- 
mary bus or by using MSTRB, may be used in a system without the need for 
wait states. Specifically, in cases where there is only one device on the expan- 
sion bus, devices with address access times greater than the 30 ns required 
by the primary bus, but less than 59 ns, can be interfaced to the I/O bus of the 
TMS320C30-33 without wait states. 


A/D Converter Interface 


A/D and D/A converters are components that are commonly required in DSP 
systems and interface efficiently to the I/O expansion bus. These devices are 
available in many speed ranges and with a variety of features. While some may 
require one or more wait states on the I/O bus, others may be used at full 
speed. 


Figure 12-10 illustrates a TMS320C30 interface to an Analog Devices 
AD1678 analog-to-digital converter. The AD1678 is a 12-bit, 5-us converter 
that allows sample rates up to 200 kHz and has an input voltage range of 10 
volts bipolar or unipolar. The converter is connected according to manufactur- 
er’s specifications to provide 0- to +10-volt operation. This interface illustrates 
a common approach to connecting devices such as this to the TMS320C30. 
Note that the interface requires only a minimum amount of control logic. 
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Figure 12-10. Interface to AD1678 A/D Converter 
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The AD1678 is a very flexible converter and is configurable in a number of dif- 
ferent operating modes. These operating modes include byte or word data for- 
mat, continuous or noncontinuous conversions, enabled or disabled chip-se- 
lect function, and programmable end of conversion indication. This interface 
utilizes 12-bit word data format, rather than byte format to be compatible with 
the TMS320C3x. Noncontinuous conversions are selected so that variable 
sample rates may be used because continuous conversions occur only at a 
rate of 200 kHz. With noncontinuous conversions, the host processor deter- 
mines the conversion rate by initiating conversions through write operations 
to the converter. 
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The chip-select function is enabled, so the chip-select input is required to be 
active when accessing the device. Enabling the chip select function is neces- 
sary to allow a mechanism for the AD1678 to be isolated from other peripheral 
devices connected to the expansion bus. To establish the desired operating 
modes, the SYNC and 12/8 inputs to the converter are pulled high and EOCEN 
is grounded, as specified in the AD1678 data sheet. 


In this application, the converter’s chip select is driven by XA12, which maps 
this device at 804000h in I/O address space. Conversions are initiated by writ- 
ing any data value to the device, and the conversion results are obtained by 
reading from the device after the conversion is completed. To generate the de- 
vice’s start conversion (SC) and output enable (OE) inputs, IOSTRB is ANDed 
with XR/W. Therefore, the converter is selected whenever XA12 is low; OE is 
driven when reads are performed, while SC is driven when writes are per- 
formed. 


Aswith many A/D converters, atthe end of aread cycle the AD1678 data output 
lines enter a high-impedance state. This occurs after the output enable (OE) 
or read control line goes inactive. Also common with these types of devices is 
that the data output buffers often require a substantial amount of time to actual- 
ly attain a full high-impedance state. When used with the TMS320C30-33, de- 
vices must have their outputs fully disabled no later than 65 ns following the 
rising edge of IOSTRB because the TMS320C30 will begin driving the data bus 
at this point if the next cycle is a write. If this timing is not met, bus conflicts be- 
tween the TMS320C30 and the AD1678 may occur, potentially causing de- 
graded system performance and even failure due to damaged data bus driv- 
ers. The actual disable time for the AD1678 can be as long as 80 ns; therefore, 
buffers are required to isolate the converter outputs from the TMS320C30. The 
buffers used here are 74LS244s that are enabled when the AD1678is read and 
turned off 30.8 ns following !OSTRB going high. Therefore, the 
TMS320C30-33 requirement of 65 ns is met. 


When data is read following a conversion, the AD1678 takes 100 ns after its 
OE control line is asserted to provide valid data at its outputs. Thus, including 
the propagation delay of the 74LS244 buffers, the total access time for reading 
the converter is 118 ns. This requires two wait states on the TMS320C30-33 
expansion I/O bus. 


The two wait states required in this case are implemented using software wait 
states; however, depending on the overall system configuration, it may be nec- 
essary to implement a separate wait-state generator for the expansion bus (re- 
fer to section on ready generation). This would be the case if there were multi- 
ple devices that required different numbers of wait states connected to the ex- 
pansion bus. 


Figure 12-11 shows the timing for read operations between the 
TMS320C30-33 and the AD1678. At the beginning of the cycle, the address 
and XR/W lines become valid t; = 10 ns following the falling edge of H;. Then, 
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after to = 10 ns from the next rising edge of H;, IOSTRB goes low, beginning 
the active portion of the read cycle. After tz = 5.8 ns, the control logic propaga- 
tion delay, the IOR signal goes low, asserting the OE input to the AD1678. The 
’'74LS244 buffers take tg = 30 ns to enable their outputs, and then, following 
the converters access delay and the buffer propagation delay (ts = 100 + 18 
= 118 ns), data is provided to the TMS320C30. This provides approximately 
46 ns of data setup before the rising edge of IOSTRB. Therefore, this design 
easily satisfies the TMS320C30-33’s requirement of 15 ns of data setup time 
for reads. 


Figure 12-11. Read Operations Timing Between the TMS320C30 and AD1678 
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Unlike the primary bus, read and write cycles on the I/O expansion bus are 
timed the same with the exception that XR/W is high for reads and low for writes 
and that the data bus is driven by the TMS320C30 during writes. When writing 
to the AD1678, the ’74LS244 buffers do not turn on and no data is transferred. 
The purpose of writing to the converter is only to generate a pulse on the con- 
verter’s SC input, which initiates a conversion cycle. When aconversion cycle 
is completed, the AD1678’s EOC output is used to generate an interrupt on the 
TMS320C30 to indicate that the converted data may be read. 


It should be noted that for different applications, use of TLC1225 or TLC 1550 
A/D converters from Texas Instruments may be beneficial. The TLC 1225 is a 
self-calibrating 12-bit-plus-sign bipolar or unipolar converter, which features 
10-s conversion times. The TLC1550 is a 10-bit, 6-us converter with a high- 
speed DSP interface. Both converters are parallel-interface devices. 


D/A Converter Interface 


In many DSP systems, the requirement for generating an analog output signal 
is anatural consequence of sampling an analog waveform with an A/D conver- 
ter and then processing the signal digitally internally. Interfacing D/A conver- 
ters to the TMS320C30 on the expansion I/O bus is also quite straightforward. 
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As with A/D converters, D/A converters are also available in a number of vari- 
eties. One of the major distinctions between various types of D/A converters 
is whether or not the converter includes both latches to store the digital value 
to be converted to an analog quantity, and the interface to control those latches. 
With latches and control logic included with the converter, interface design is 
often simplified; however, internal latches are often included only in slower D/A 
converters. 


Because slower converters limit signal bandwidths, the converter used in this 
design was selected to allow a reasonably wide range of signal frequencies 
to be processed, and to illustrate the technique of interfacing to aconverter that 
uses external data latches. 


Figure 12—12 shows an interface to an Analog Devices AD565A digital-to-ana- 
log converter. This device is a 12-bit, 250-ns current output DAC with an on- 
chip 10-volt reference. Using an offchip current-to-voltage conversion circuit 
connected according to manufacturers specifications, the converter exhibits 
output signal ranges of 0 to +10 volts, which is compatible with the conversion 
range of the A/D converter discussed in the previous section. 
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Figure 12-12. Interface Between the TMS320C30 and the AD565A 
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Because this DAC essentially performs continuous conversions based on the 
digital value provided at its inputs, periodic sampling is maintained by periodi- 
cally updating the value stored in the external latches. Therefore, between 
sample updates, the digital value is stored and maintained at the latch outputs 
that provide the input to the DAC. This results in the analog output remaining 
stable until the next sample update is performed. . 


The external data latches used in this interface are ’74LS377 devices that have 
both clock and enable inputs. These latches serve as a convenient interface 
with the TMS320C30; the enable inputs provide a device select function, and 
the clock inputs latch the data. Therefore, with the enable input driven by in- 
verted XA12 and the clock input by IOW, which is the AND of IOSTRB and 
XRM, data will be stored in the latches when a write is performed to I/O ad- 
dress 805000h. Reading this address has no effect on the circuit. 
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Figure 12—13 shows a timing diagram of a write operation to the D/A converter 
latches. 


Figure 12-13. Write Operation to the D/A Converter Timing Diagram 


IOW \ / 


: oe i tg 


Because the write is actually being performed to the latches, the key timings 
for this operation are the timing requirements for these devices. For proper op- 
eration, these latches require simply a minimal setup and hold time of data and 
control signals with respect to the rising edge of the clock input. Specifically, 
the latches require a data setup time of 20 ns, enable setup of 25 ns, disable 
setup of 10 ns, and data and enable hold times of 5 ns. This design provides 
approximately 60 ns of enable setup, 30 ns of data setup, and 7.2 ns of data 
hold time. Therefore, the setup and hold times provided by this design are well 
in excess of those required by the latches. The key timing parameters for this 
interface are summarized in Table 12-2. 


Table 12-2. Key Timing Parameter for D/A Converter Write Operation 


Time E Timet 
Interval vent | Period 
H1 falling to address valid 
H1 rising to IOSTRB falling 


Data setup to IOW 
Data hold from lOW 


T Timing for the TMS320C30-33. 
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12.4 System Control Functions 


Several aspects of TMS320C3x system hardware design are critical to overall 
system operation. These include such functions as clock and reset signal gen- 
eration and interrupt control. 


12.4.1 Clock Oscillator Circuitry 


You may provide an input clock to the TMS320CS3x either from an external 
clock input or by using the onboard oscillator. Unless special clock require- 
ments exist, the onboard oscillator is generally a convenient method for clock 
generation. This method requires few external components and can provide 
stable, reliable clock generation for the device. 


Figure 12—14 shows the external clock generator circuit designed to operate 
at 33.33 MHz and to use the internal oscillator circuitry of the TMS320C3x. 
Since crystals with fundamental oscillation frequencies of 30 MHz and above 
are not readily available, a paralle!-resonant third-overtone circuit is used. 


| Figure 12-14. Crystal Oscillator Circuit 


TMS320C3x-33 


X41 X2/CLKIN 


47 pF 0.1 UF 20 pF 


In a third-overtone oscillator, the crystal fundamental frequency must be atte- 
nuated so that oscillation is at the third harmonic. This is achieved with an LC 
circuit that filters out the fundamental, thus allowing oscillation at the third har- 
monic. The impedance of the LC circuit must be inductive at the crystal funda- 
mental and capacitive at the third harmonic. The impedance of the LC circuit 
is represented by 


i[o i-s] (3) 
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At frequencies significantly lower than wp, the 1/(@C) term in (3) becomes the 
dominating term, while wL can be neglected. This is expressed as 


z(@) = joL for @ < Op ° (5) 


In (5), the LC circuit appears inductive at frequencies lower than @p. On the 
other hand, at frequencies much higher than ap, the wL term is the dominant 
term in (3), and 1/(@C) can be neglected. This is expressed as 


1 
Z(@) = joc for ® > Wp (6) 


The LC circuit in (6) appears increasingly capacitive as the frequency 
increases above Wp. This is shown in Figure 12-15, whichis a plot of the mag- 
nitude of the impedance of the LC circuit of Figure 12-14 versus frequency. 


Figure 12-15. Magnitude of the Impedance of the Oscillator LC Network 
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Based on the discussion above, the design of the LC circuit proceeds as fol- 
lows: 


1) Choose the pole frequency ®p approximately halfway between the crystal 
fundamental and the third harmonic. 


2) The circuit now appears inductive at the fundamental frequency and ca- 
pacitive at the third harmonic. 


In the oscillator of Figure 12-13, choose @p = 22.2 MHz, which is approxi- 
mately halfway between the fundamental and the third harmonic. Choose 
C = 20 pF. Then, using equation (4), L=2.6 wH. 


12.4.2 Reset Signal Generation 


The reset input controls initialization of internal TMS320C3x logic and also 
causes execution of the system initialization software. For proper system ini- 
tialization, the reset signal must be applied at least ten H1 cycles, i.e., 600 ns 
fora TMS320C3x operating at 33.33 MHz. Upon powerup, however, itcan take 
20 ms or more before the system oscillator reaches a stable operating state. 
Therefore, the powerup reset circuit should generate a low pulse on the reset 
line for 100 to 200 ms. Once a proper reset pulse has been applied, the proces- 
sor fetches the reset vector from location zero, which contains the address of 
the system initialization routine. Figure 12—16 shows acircuit that will generate 
an appropriate powerup reset circuit. 


Figure 12-16. Reset Circuit 


TMS320C3x 


74LS14 74LS14 
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The voltage on the reset pin (RESET) is controlled by the RyC network. After 
a reset, this voltage rises exponentially according to the time constant R;Cj, 
as shown in Figure 12-17. 


Figure 12-17. Voltage on the TMS320C30 Reset Pin 


Voltage 


V=Voc (1-e-t/t) 


Voc 


to=0 ty Time 


The duration of the low pulse on the reset pin is approximately ty, which is the 
time it takes for the capacitor C, to be charged to 1.5 V. This is approximately 
the voltage at which the reset input switches from a logic 0 to a logic 1. The ca- 
pacitor voltage is expressed as 


Ve Vox —e -+| 
3 (7) 
where t = R4C; is the reset circuit time constant. Solving equation (7) for t re- 
sults in 
V 
t=—R,C,1n| 1-—— 
cuin| 1-9 2 


Setting the following: 
Ry = 100 KQ 
Cy =4.7 uF 
Vec=5 V 
VeVy=1.5 V 


results in t = 167 ms. Therefore, the reset circuit of Figure 12-16 provides a 
low pulse of long enough duration to ensure the stabilization of the system os- 
- cillator. 
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Note that if synchronization of multiple TMS320C3xs is required, all proces- 
sors should be provided with the same input clock and the same reset signal. 
After powerup, when the clock has stabilized, all processors may then be syn- 
chronized by generating a falling edge on the common reset signal. Because 
it is the falling edge of reset that establishes synchronization, reset must be 
high for at least ten H1 cycles initially. Following the falling edge, reset should 
remain low for at least ten H1 cycles and then be driven high. This sequencing 
of reset may be accomplished using additional circuitry based on either RC 
time delays or counters. 
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12.5 Serial Port Interface 
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For applications such as modems, speech, control, instrumentation, and ana- 
log interface for DSPs, acomplete analog-to-digital (A/D) and digital-to-analog 
(D/A) input/output system on a single chip may be desired. The TLC32044 
analog interface circuit (AIC) integrates a bandpass, switched-capacitor, anti- 


- aliasing-input filter, 14-bit resolution A/D and D/A converters, and a lowpass, 


switched-capacitor, output-reconstruction filter, all on a single monolithic/ 
CMOS chip. The TLC32044 offers numerous combinations of master clock in- 
put frequencies and conversion/sampling rates, which can be changed via dig- 
ital signal processor control. | 


Four serial port modes on the TLC32044 allow direct interface to TMS320C3x 


processors. When the transmit and receive sections of the AIC are operating 
synchronously, it can interface to two SN54299 or SN74299 serial-to-parallel 
shift registers. These shift registers can then interface in parallel to the 
TMS320C30, to other TMS320 digital processors, orto external FIFO circuitry. 
Output data pulses inform the processor that data transmission is complete or 
allow the DSP to differentiate between two transmitted bytes. A flexible control 
scheme is provided so that the functions of the AIC can be selected and ad- 
justed coincidentally with signal processing via software control. Refer to the 
TLC32044 data sheet for detailed information. 


When you interface the AIC to the TMS320C3x via one of the serial ports, no 
additional logic is required. This interface is shown in Figure 12-18. The serial 
data, control, and clock signals connect directly between the two devices, and 
the AIC’s master clock input is driven from TCLKO, one of the TMS320C3x’s 
internal timer outputs. The AIC’s WORD/BYTE input is pulled high, selecting 
16-bit serial port transfers to optimize serial port data transfer rate. The 
TMS320C3x’s XFO pin, configured as an output, is connected to the AIC’s reset 
(RST) inputto allowthe AIC to be reset by the TMS320C3x under program con- 
trol. This allows the TMS320C3x timer and serial port to be initialized before 
beginning conversions on the AIC. 
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Figure 12-18. AIC to TMS320C30 Interface 
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To provide the master clock input for the AIC, the TCLKO timer is configured 
to generate a clock signal with a 50% duty cycle at a frequency of f(H1)/4 or 
4.167 MHz. To accomplish this, the global control register for timer 0 is set to 
the value 3C 1h, which establishes the desired operating modes. The period 
register for timer 0 is set to 1, which sets the required division ratio for the H1 
clock. | 


To properly communicate with the AIC, the TMS320C30 serial port must be 
configured appropriately. To configure the serial port, several TMS320C30 
registers and memory locations must be initialized. First, the serial port should 
be reset by setting the serial port global control register to 2170300h. (The AIC 
should also be reset at this time. See description below of resetting the AIC via 
XFO). This resets the serial port logic and configures the serial port operating 
modes, including data transfer lengths, and enables the serial port interrupts. 
This also configures another important aspect of serial port operation: polarity 
of serial port signals. Because active polarity of all serial port signals is pro- 
grammable, itis critical to set appropriately the bits in the serial port global con- 
trol register that control this. In this application, all polarities are set to positive 
except FSX and FSR, which are driven by the AIC and are true low. 


The serial port transmit and receive control registers must also be initialized 

_ for proper serial port operation. In this application, both of these registers are 
set to 111h, which configures all of the serial port pins in the serial port mode, 
rather than the general-purpose digital I/O mode. 


When the operations described above completed, interrupts are enabled, and 
provided that the serial port interrupt vector(s) are properly loaded, serial port 
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transfers may begin after the serial port is taken out of reset. This is accom- 
plished by loading E170300h into the serial port global control register. 


To begin conversion operations on the AIC and subsequent transfers of data 
on the serial port, the AIC is first reset by setting XFO to zero at the beginning 
of the TMS320C3x initialization routine. Setting XFO to zero is accomplished 
by setting the TMS320C3x IOF register to 2. This sets the AIC to a default con- 
figuration and halts serial port transfers and conversion operations until reset 
is set high. Once the TMS320C3x serial port and timer have been initialized 
as described above, XFO is set high by setting the IOF register to 6. This allows 
the AIC to begin operating in its default configuration, which in this application 
is the desired mode. In this mode, all internal filtering is enabled, sample rate 
is set at approximately 6.4 kHz, and the transmit and receive sections of the 
device are configured to operate synchronously. Conveniently, this mode of 
operation is appropriate for a variety of applications, and ifa5.184-MHz master 
clock input is used, the default configuration results in an 8-kHz sample rate, 
which makes this device ideal for speech and telecommunications applica- 
tions. 


In addition to the benefit of a convenient default operating configuration, the 
AIC can also be programmed for a wide variety of other operating configura- 
tions. Sample rates and filter characteristics may be varied, in addition to 
which, numerous connections in the device may be configured to establish dif- 
ferent internal architectures, by enabling or disabling various functional 
blocks. 


To configure the AIC in a fashion different from the default state, the device 
must first be sent a serial data word with the two LSBs set to one. Thetwo LSBs 
of a transmitted data word are not part of the transferred data information and 
are not set to one during normal operation. This condition indicates that the 


next serial transmission will contain secondary control information, not data. 


This information is then used to load various internal registers and specify in- 
ternal configuration options. There are four different types of secondary control 
words distinguished by the state of the two LSBs of the control information 
transferred. Note that each secondary control word transferred must be pre- 
ceded by a data word with the two LSBs set to one. 


The TMS320C8x can communicate with the AIC either synchronously or 
asynchronously, depending onthe information in the control register. The oper- 
ating sequence for synchronous communication with the TMS320C30 shown 
in Figure 12—19 is as follows: 


) The FSX or FSR pin is brought low. 

) One 16-bit word is transmitted, or one 16-bit word i is received. 
) The FSX or FSR pin is brought high. 

) The EODX or OEDR pin emits a low-going pulse. 


RON — 
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Figure 12-19. Synchronous Timing of TLC32044 to TMS320C 3x 
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For asynchronous communication, the operating sequence is similar, but FSX 
and FSR do not occur at the same time (see Figure 12—20). After each receive 
and transmit operation, the TMS320C30 asserts an internal receive (RINT) 
-and transmit (XINT) interrupt, which may be used to control program execu- 
tion. 


Figure 12-20. Asynchronous Timing of TLC32044 to TMS320C30 


FSX | | | | | | | | 
FSR | | | | 
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12.6 XDS1000 Target Design Considerations 


The TMS320C3x Emulator is an Extended Development System (XDS500 
and XDS1000) that uses a revolutionary technology to accomplish complete 
emulation via a serial scan path and has all the features necessary for full- 
speed emulation. To perform realtime emulation, you must provide a 12-pin 
header on the target system that is using the TMS320C3x. Refer to the 
TMS320C30 Emulator User's Guide and to the TMS320C30 Hewlett-Packard 
64776 Analysis Subsystem User’s Guide for a more complete description of 


the XDS500 and XDS1000. 


To use the emulation connector of the XDS500, supply the signals shown in 
Figure 12-21 to a 12-pin header (two rows of six pins) with pin 8 cut out to pro- 
vide keying. Table 12-3 describes the pins and signals present on the header. 


Figure 12-21. 12-Pin Header Signals 


Header Dimensions: 
Pin-to-pin spacing: 0.100 inches (X,Y) 


Pin width: 0.025 inches square post 
Pinlength: - 0.235 inches nominal 


EMuit 
EMUot 
Emua2t 
PD (+5V) 
EMU3 


H3 


GND 
GND 
GND 
No Pin (Key) 
GND 


GND 


Top View 


t These signals should always be pulled up with separate 20-kQ resistors to +5 V on the 


TMS320C3x. 


Table 12-3. Signal Description 
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Presence detect indicates that the cable is connected and the target system 
is powered up. It should be tied to +5 volts in the target system. 
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XDS1000 Target Design Considerations 


In addition to the signals required at the emulation connector, the EMU4 
through EMU6 signals on the TMS320C3x must also be appropriately con- 
nected to ensure proper emulation operation. The EMU4 signal should be tied 
through a pull-up resistor to +5 volts, and EMU5 and EMU6 must be left uncon- 
nected. Also, the RSVO through RSV10 signals must be tied through pull-up 
resistors to +5 volts as described in Chapter 13. 


The suggested parts and part numbers for the header are as follows: 


Gy DuPont Electronics straight header, unshrouded. Part number 
67996—112. 


Gh DuPont Electronics right angle header, unshrouded. Part number 
68405—112. 


{4 Amp right-angle header, four-wall shrouded. Part number 103167-3. 


Figure 12-22 is a diagram of the typical setup for using the emulation connec- 
tion of the XDS1000. 


Figure 12-22. Typical Setup for Using the Emulation Connection of the XDS1000 
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For unbuffered signals, the distance between the TMS320C30 emulation pins 
(EMU0, EMU1, EMU2, EMU3, and H3) and the 12-pin header should be less 
than two inches. !f that distance is more than two inches but less than six in- 
ches, the EMU3 and H signals should be buffered. The buffer should be non- 
inverting with a worst case propagation delay of 6.0 ns. For emulation pins-to- 
header distances greater than six inches, all emulation signals should be buff- 
ered. Recall that EMU0, EMU1, and EMU2 are inputs, and EMU3 and H3 are 
outputs. The buffer should have the same characteristics as those given 
above. 
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12.7 Hewlett-Packard 64776 Analysis Subsystem Target Design 
Considerations 


The Hewlett-Packard 64776 analysis subsystem is a hardware product that 
can be used only with the TMS320C30 emulator (XDS500). The analysis sub- 
system captures TMS320C30-33 bus cycle information in real time and can 
react to the captured information with an action such as a hardware breakpoint. 
Refer to the TMS320C30 Hewlett-Packard 64776 Analysis Subsystem User’s 
Guide fora more complete description of the Hewlett-Packard 64776 Analysis 
Subsystem. 


This subsection describes electrical information, timing specifications, and 
mechanical dimensions related to the analysis subsystem and the analysis 
subsystem connector pod. When designing your target system, take this infor- 
mation into consideration in order to ensure that the analysis subsystem can 
be used with your target system. 


12.7.1 System Overview 


Figure 12-23 illustrates a sample installation of an emulation system that uses 
the analysis subsystem. 


Cy The TMS320C30 emulator is installed in a PC. 


Gi ~The emulator target cable’s 12-pin connector plugs into a header on the 
trace cable pod. 


Ci ~The analysis subsystem communicates with the PC through a serial port; 
an RS-232 cable connects the analysis subsystem to the PC. 


G4 The trace cable pod, which contains a TMS320C30-33 processor, inserts 
into the TMS320C30 socket on your target system. 


Figure 12-23. Installation Overview 
RS-232 sa 


analysis sub- target system a 
system 
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12.7.2 Electrical Information 


12.7.2.1 Capacitance of the Electrical Probe 


The following lines will have approximately 25 picofarads of additional capaci- 
tance (10 pF for the FCT541A inputs, 10 pF for the PC board trace, and 5 pF 
for the processor socket). 


RESET INTO-INT3 
TACK XFO, XF1 
TCLKO, TCLK1 H1, H3 clocks 
EMU0-EMU6 A23-A0 
D31-—Do R/W 

HOLDA XA12—XA0 
XD31-XD0 : : XR/W 

STRB IOSTRB 
MSTRB . 


The remaining processor lines have only 5 pF additional capacitance because 
the only electrical connection for each is the socket. 


12.7.2.2 Power-Supply Loading of the Active Probe 


The additional current load is: 


Quantity Part Typ Max Typ Total Max Total Unit 
1 TMS320C30 (200: 600 200 600 mA 
1 16R47-7 120 180 120 180 mA 
15 FCT541A 21.9 42.7 328.8 640.5 mA 
648.8 1420.5 mA 


Note: Theprobeuses 448 mA more than the processor typ and 820 mA more than the processor 
max. 


12.7.3 Timing Information 


The active probe requires that some of the target system signals have slightly 
better timing characteristics than those required by the TMS320C30-33 pro- 
cessor. . 


C4 Expansion and primary address buses (XA12—XA0, A23-A0). The 
same electrical/timing specifications stated in Chapter 13 apply to these 
lines. 


Ci Expansion and primary data buses (XD31—X0, D31—-D0). Chapter 13 
. specifies that the hold time of the dataon aread cycle must occur 0 ns after 
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the rising edge of the strobe ((OSTRB, STRB, or MSTRB). Also, the strobe 
can fall and rise 0 ns after the falling and rising edges of the H1 clock, 
respectively. Thus, if the data was not present 0 ns after the rising edge 


- of the clock, the TMS320C30 would still operate correctly. The analysis 


subsystem, however, requires a 5-ns hold time after the rising edge of H1. 


Expansion and primary read/write (XR/W, R/W). The same electrical/ 
timing specifications stated in Chapter 13 apply to these lines. 


H1 and H3. The same electrical/timing specifications stated in Chapter 13 
apply to these lines. 


RESET. While the analysis subsystem does load the reset line with some 
minor capacitance, it does not drive the line. 


EMU0—EMU6. The same electrical/timing specifications stated in Chapter 
13 apply to these lines. 


INTO-INT3. Requirements for levels and transitions are different. 
m Requirements for levels on the interrupt lines: 


The tck_clk=all setup time to falling H1 should be 18.5 ns, instead 
of 15 ns, to see the first edge. However, because interrupts must 
be low for a minimum of one full clock cycle, you will always see 
one low cycle. 


= The tck_clk=bus_cycle setup time to falling H1 should be 15 ns. 
™@ Requirements for transitions on the interrupt lines: 

a The tck_clk=bus_cycle setup time to falling H1 should be 15 ns. 

= The tck_clk=all setup time to falling Hi should be 15 ns. 


IACK. The same electrical/timing specifications statedin Chapter 13 apply 
to these lines. 


HOLDA. The same electrical/timing specifications stated in Chapter 13 
apply to these lines. 


XFO, XF1, TCLKO, and TCLK1. Requirements for levels and transitions 
are different. 


B® Requirements for levels on the XF and TCLK lines: 


ms §=©The tck_clk=all setup time to falling Hi should be 18.5 ns instead 
of 12 ns. 


m The tck_clk=bus_cycle setup time to falling H1 should be 12 ns. 
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m@ Requirements for transitions on the XF and TCLK lines: 
= The tck_clk=bus_cycle setup time to falling H1 should be 12 ns. 
= The tck_clk=all setup time to falling Hi should be 12 ns. 


Ci STRB, 1OSTRB, and MSTRB. No special timing is required on the 
strobes. 


12.7.4 Mechanical Dimensions 


Figure 12-24 shows the mechanical dimensions for the analysis subsystem’s 
connector to the target system. Additional sockets may be added to the pod/ 
connector to increase the height clearance, if desired. 


Figure 12-24, Analysis Subsystem Pod/Connector Dimensions 
(a) Top view 


12-pin connector 


2.65 


OSOOZESNL [© 


bo} 1@ 
| 5.90 


= 1.53 
Notes: 1) All dimensions are in inches. 


2) The cable is approximately 38 inches long. The portion of the cable that attaches to the pod is not as flexible as the 
rest of the cable, and effectively adds approximately 1/2 inch to 1 inch to the total length of the pod. 


(b) Side view 


| ge Emulator connector attached 
| ~ - . 
A _Wv 0.85 NOM 
0.45 NOM | 


Note: All dimensions are in inches. 
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12.8 TMS320C30 and TMS320C31 Differences 


This section addresses the major memory access differences between the 
TMS320C31 and the TMS320C30 devices. Observance of these consider- 
ations is critical for achieving design goal success. 


Table 12-4 shows these differences, which are detailed in the following sub- 
sections. 


Table 12-4, Feature Set Comparison 


TMS320C31 TMS320C30 


Primary bus: one bus composed Two buses: 

of a 32-bit data and a 24-bit ad- 1) Primary bus: a 32-bit data anda 

dress bus 24-bit address 

2) Expansion bus: a 32-bit data anda 
13-bit address 


Serial !/O ports 1 serial port (SPO) 2 serial ports (SPO, SP1) 
User program/data ROM Not available 4K words/16K bytes 
Program boot loader — User selectable Not available 


Data/program bus 


12.8.1 Data/Program Bus Differences 


The TMS320C31 uses only the primary bus and reserves the memory space 
that was previously used for expansion bus operations. 


12.8.2 Serial Port Differences 


Serial port 1 references in Section 8.2 of the TMS320C3x User's Guide are not 
applicable to the TMS320C31. The memory locations identified for the asso- 
ciated control registers and buffers are reserved. 


12.8.3 Reserved Memory Locations 


Table 12-5 identifies TMS320C31 reserved memory locations in addition to 
those shown in Table 3-8. 
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TMS320030 and TMS320031 Differences 


ROSS sss SS SSS a SS ESO SS SE SE SOOO 


OS RIESISESAN ES 


Table 12-5. TMS320C31 Reserved Memory Locations 


is 


0x808050 SP1 global-control register 


0x808052-—0x808056 Reserved | SP1 local-control registers 
- 0x808058 Reserved | SP1 data-transmit buffer 
0x80805C | Reserved | | SPireceive-transmit buffer receive-transmit buffer 


0x808060 ee bus control register 


a Applies to the MCBL and MC modes only. 


12.8.4 Effects on the IF and IE Interrupt Registers 


The bits associated with serial port 1 in the IE (interrupt enable) register and 
the IF (interrupt flag) register for the TMS320C30 are not applicable to the 
TMS320C31. Write only logic 0 data to IE register bits 6, 7, 22, and 23 and to 
IF register bits 6 and 7. Writing logic 1s to these bits produces unpredictable 
results. 


12.8.5 User Program/Data ROM 


The user program/data ROM thatis available for the TMS320C30 device does 
not exist for the TMS320C31. Rather, the memory locations that were allocated 
to support user program/data ROM operations have been reserved on the 
‘ TMS320C31 to support microcomputer/boot loader accessing. See Chap- 
ter 3 for more information on using the microcomputer/boot loader function. 


12.8.6 Development Considerations 


For users who are developing application code using a TMS320C3x simulator, 
XDS, or ASM/LNK, TI recommends that you modify the .cfm and .cmd files by 
removing these memory spaces from the tool’s configured memory. This en- 
sures that your developed application performs as expected when the 
TMS320C31 device is used. : . 
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Chapter 13 


TMS320C3x Signal Descriptions and 
Electrical Characteristics 


This chapter covers the TMS320C3x pinouts, signal descriptions, and 
electrical characteristics. . 


Pinout and Pin Assignments 


LOMA ELSDON H 
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13.1.1 TMS320C30 Pinouts and Pin Assignments 


HANNA LENCO PEALE DDI O ERODE OTE SELES EPL EE LED IL ISD AA EESEEEL OER OLE ROLE EE PEELE AEE AE CEL PEELED SEED REO EEL EAN TAPAS ENS SEEREE SLANDER NATAL 


The TMS320C30 digital signal processor is available in a 181-pin grid array 
(PGA) package. The pinout of this package is shown in Figure 13-1 and 
Figure 13-2. The pin assignments are listed in Table 13—1 and Table 13-2. 


Figure 13-1. TMS320C30 Pinout (Top View) 
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Figure 13-2. TMS320C30 Pinout (Bottom View) 
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Table 13-1. TMS320C30 Pin Assignments(by Function) (Figure 13-1 and Figure 13-2) 
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[Foneion [oi [[ Raneton [in [] Function [ein [[ anaton [vin |] Functon [Fi 


Ai 
A2 
A3 
A4 


A5 
A6 
A7 
A8 
AQ 


EMU2 
EMU3____ 
EMU4/SHZ 
EMU5 
EMU6 


H1 
H3 


A20 
A21 
A22 
A23 
LOCATOR 


x1 
X2/CLKIN 


P 


HOLD _ 14 
STRB _ F2 XRDY D2 VDD H12 |i Vss H3 DVss Ni3 
lOSTRB F4 XR/W D1 Vss N8 Vss H13 IVSS B14 


Notes: 1) ADVpp, DDVpp, IODVpp, MDVpp, and PDVpp pins (D4, D12, E8, H5, H11, L8, M4, and M12) 
are on a common plane internal to the device. 
2) Vpp pins (D8, H4, H12, and M8) are on a common plane internal to the device. 


3) Vss, CVgg, and IVgs pins (B2, B14, C8, H3, H13, N8, and P14) are on acommon plane internal 
to the device. 


4) DVss pins (C3, C13, N3, and N13) are on acommon plane internal to the device. 
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‘Notes: 


VSUBS 
x1 


X2/CLKIN 
XAO 
XA1 


EMU4/SHZ | F12 


1) ADVpp, DDVpp, |ODVpp, MDVpp, and PDVpp pins (D4, D12, E8, H5, H11, L8, M4, and M12) 
are on a common plane internal to the device. 

2) Vpp pins (D8, H4, H12, and M8) are on a common plane internal to the device. 

3) Vss, CVgg, and IVssg pins (B2, B14, C8, H3, H13, N8, and P14) are on a common plane internal 
to the device. 

4) DVgs pins (C3, C13, N3, and N13) are on a common plane internal to the device. 
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13.1.2 TMS320C31 Pinouts and Pin Assignments 


The TMS320C31 device is packaged in a 132-pin plastic quad flat pack 
(PQFP) JDEC standard package. Figure 13-3 shows the pinouts for this pack- 
age, Figure 13—5 on page 13-16 shows the mechanical layout, and Table 13-3 
shows the associated pin assignments alphabetically; Table 13-4 shows the 
associated pin assignments numerically. 


Figure 13-3. TMS320C31 Pinout (Top View) 
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Signal Descriptions 


13.2 Signal Descriptions | 
13.2.1 TMS320C30 Signal Descriptions 


Table 13-5 describes the signals that the TMS320C30 device uses in the mi- 
croprocessor mode. They are listed according to the signal name; the number 
of pins allocated; the input (1), output (O), or high-impedance state (Z) operat- 
ing modes; a brief description of the signal’s function; and the condition that 
places an output pin in high impedance. A line overa signal name (for example, 
RESET) indicates that the signal is active low (true at a logic 0 level). Pins la- 
beled NC are not to be connected by the user. The signals are grouped accord- 
ing to function. 


Table 13-5. TMS320C30 Signal Descriptions 


VO/Zt Description Condition When 
Signal Is in High Z? 
Primary Bus Interface (61 Pins) 


D31-DO © ae VO/Z 32-bit data port of the primary bus interface. 
Rees 24 | oe 24-bit address port of the primary bus interface. Pe 


Read/write signal for primary bus interface. This pin is 
high when a read is performed and low when a write is 
performed over the parallel interface. 
cae ae ee External access strobe for the primary bus interface. — 
Ready signal. This pin indicates that the external device 
is prepared for a primary bus interface transaction to 
complete. 


HOLD Hold signal for primary bus interface. When HOLD is a 
logic low, any ongoing transaction is completed. The 
A23-A0, D31—D0, STRB, and R/W signals are placed 
in ahigh-impedance state, and all transactions over the 
primary bus interface are held until HOLD becomes a 
logic high or the NOHOLD bit of the primary bus control 
register is set. 


HOLDA Hold acknowledge signal for primary bus interface. This 
signal is generated in response to a logic low on HOLD. 
it signals that A23-A0, D31-D0, STRB, and R/W are 
placed in a high-impedance state and that all transac- 
tions over the bus will be held. HOLDA will be high in re- 
sponse to a logic high of HOLD or when the NOHOLD 
bit of the primary bus control register is set. 


Expansion Bus Interface (49 Pins) 


XD31-XD0 ae V/O/Z 32-bit data port of the expansion bus interface. | SR | 
XA12—XA0 _ 8 | on 13-bit address port of the expansion bus interface. pS 


XR/W Read/write signal for expansion bus interface. When a 
read is performed, this pinis held high; when awriteis | 
performed, this pin is low. 

External memory access strobe for the expansion 
bus interface. 


Input (I), output (O), high-impedance state (Z 
S = SHZ active, H = Hold active, R = a SNe: 
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Table 13-5. TMS320C30 Signal Descriptions (Continued) 


VO/Zt Description Condition When 
Signal Is in High Z+ 


Expansion Bus Interface (49 Pins) (Concluded) 


Control Signals (9 Pins) 


Reset. When this pin is a logic low, the device is placed 
in the reset condition. After reset becomes a logic high, 


Ready signal. This pinindicates that the external device 
RESET 1 
set vector. 
IACK instruction. This canbe used to indicate the begin- 
MC/MP | a eee ee, Microcomputer/microprecessor mode pin. 
tions. 
DX0O 1 V/O/Z Data transmit output. Serial port 0 transmits serial data | S R 
on this pin. 
VO/Z Data receive. Serial port 0 receives serial data via the 
DRO pin 


lIOSTRB 1 O/Z _.| External I/O access strobe for the expansion bus inter- | S$ 
| face. 
1 
is prepared for an expansion bus interface transaction 
to complete. 
execution begins from the location specified by the re- 
INT3-INTO eS ee External interrupts. 
| IACK 1 O/Z Interrupt acknowledge signal. [ACK is set to 0 by the 
. ning or end of an interrupt service routine. 
XF1, XFO 2 VO/Z External flag pins. They are used as general-purpose 
I/O pins or to support interlocked processor instruc- 
Serial Port 0 Signals (6 Pins) 
CLKXO 1 VO/Z Serial port 0 transmitclock. This pin serves as the serial 
shift clock for the serial port 0 transmitter. 
FSX0O 1 VOIZ Frame synchronization pulse for transmit. The FSX0 
pulse initiates the transmit data process over pin DXO. 
CLKRO 1 VO/Z Serial port 0 receive clock. This pin serves as the serial 
shift clock for the serial port 0 receiver. 
FSRO V/O/Z Frame synchronization pulse for receive. The FSRO 
pulse initiates the receive data process over DRO. 
Serial Port 1 Signals (6 Pins) 


1 S R 
| 
1 VOlZ Serial port 1 transmit clock. This pin serves as the serial | S R 
shift clock for the serial port 1 transmitter. 
1 VO/Z Data transmit output. Serial port 1 transmits serial data | S R 
on this pin. . 
1 VO/Z Frame synchronization pulse for transmit. The FSX1 | S R 
pulse initiates the transmit data process over pin DX1. 


VOIZ — Serial port 1 receive clock. This pin serves as the serial 
shift clock for the serial port 1 receiver 


t Input (I), output (O), high-impedance state (Z). 
t S=SHZ active, H = Hold active, R = Reset active. 
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Table 13-5. TMS320C30 Signal Descriptions (Continued) 


VO/Zt Description Condition When | 
Signal Is in High Zt 


Serial Port 1 Signals (6 Pins) (Concluded) 


DR1 1 VO/Z Data receive. Serial port 1 receives serial data via the S . R } 
DR1 pin. 
FSR1 1 VO/Z Frame synchronization pulse for receive. The FSR1 Ss R 
pulse initiates the receive data process over DR1. 
Timer 0 Signals (1 Pin) 
TCLKO voz | 
Timer 1 Signals (1 Pin) 
TCLK1 1 VO/Z Timer clock. As an input, TCLK1 is used by timer 1 to s) R 
count external pulses. As an output pin, TCLK1 outputs 
pulses generated by timer 1. 
Supply and Oscillator Signals (29 Pins) 


ADVpp1:; ADVppo a Sa Two +5-V supply pins. § 
PDVpp One +5-V supply pin. § 


Timer clock. As an input, TCLKO is used by timer 0 to S R 
count external pulses. As an output pin, TCLKO outputs 


pulses generated by timer 0. 


Ny] 


— 1] PM 


Eas in 

[ppvpp bbvops | 2 | 

[wbvpp Tt 

[vsse—Vesp_| 4 
tt : 


pl—=]r 


IVss One ground pin 
NC Vpp pump oscillator output 
Substrate pin. Tie to ground 


O/Z Output pin from the internal oscillator for the crystal. If 


VBBP 
VSUBS 


f 


S 


a crystal is not used, this pin should be left uncon- 
nected. 


X2/CLKIN Input pin to the internal oscillator from the crystal or a 


clock. 


External H1 clock. This clock has a period equal to twice S 
CLKIN. 
External H3 clock. This clock has aperiodequaltotwice | S$ 
CLKIN. , 


Reserved (18 Pins) J 


~} EMU2— EMUO eae ae Reserved. Use pull-ups to +5 volts. See Section 12.6. es ee et 
EMU3 Reserved. See Section 12.6. 


Input (I), output (QO), high-impedance state (Z). 
S = SHZ active, H = Hold active, R = Reset active. 
Recommended decoupling capacitor is 0.1 pF. 


Follow the connections specified for the reserved pins. 18- to 22-kQ2 pull-up resistors are recommended. All +5 volt supply 
pins must be connected to a common supply plane, and all ground pins must be connected to a common ground plane. 


1 
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Table 13-5. TM&320C30 Signal Descriptions (Concluded) 
TMS320C30 memory and register contents. Reset the 
S = SHZ active, H = Hold active, R = Reset active. 
places an output pinin high impedance. A line over a signal name (for example, 


VO/Zt Description Condition When 
Signal Is in High Z+ 
Reserved (18Pins) 1(Conciluded) 
EMU4/SHZ 1 
device with an SHZ=1 to restore it te a known operating 
condition. 
{Follow the connections specified for the reserved pins. 18- to 22-kQ pull-up resistors are recommended. All +5 volt supply 
pins must be connected to a common supply plane, and all ground pins must be connected to a common ground plane. 
RESET) indicates that the signal is active low (true at a logic 0 level). 
Table 13-6. TMS320C31 Signal Descriptions 


Shutdown high impedance. An active low shuts down 
13.2.2 TMS320C31 Signal Descriptions 
VO/Zt Description Condition When 
Signal Is in High Z# 


the TMS320C30 and places all pins in a high-impe- 
RSV10 — RSVO pean eS tl Reserved. Use pull-ups on each pin to +5 volts. ye | 
Table 13-6 describes the signals that the TMS320C31 device uses in the mi- 
Primary Bus Interface (61 Pins) 


dance state. This signal is used for board-level testing 
to ensure that no dual drive conditions occur. CAU- 
Locator (1 Pin) 
Reserved. See Figure 131 and Table 19-1. ee ed 
croprocessor mode. They are listed according to the signal name; the number 
of pins allocated; the input (!), output (O), or high-impedance state (Z) operat- 


TION: An active low on the SHZ pin corrupts 
Input (1), output (O), high-impedance state (Z). 
ging modes; a brief description of the signal’s function; and the condition that 
Read/write apa This pin is high when a read is per- 
formed; low when a write is performed over the parallel 


interface. 


Ready signal. This pin indicates that the external device 
is prepared for a transaction completion. 
Hold signal. When HOLD is a logic low, any ongoing 
transaction is completed. The A23—A0, D31-D0, 
STRB, and R/W signals are'/placedin ahigh-impedance 
. face are held until HOLD becomes a logic high, or the 
NOHOLD bit of the primary bus control register is set. 
Input (I), output (O), high-impedance (Z)state. 
S = SHZ active, H = Hold active, R = Sete active. 


state, and all transactions over the primary bus inter- 
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Table 13-6. TMS320C31 Signal Descriptions’ (Continued) 


VO/2t Description Condition When 
Signal Is in High Z+ 


Primary Bus Interface (61 Pins) (Concluded) 
HOLDA 1 O/Z 


Hold acknowledge signal. This signal is generated in re- 
sponse to a logic low on HOLD. It signals that A23—-A0, 
D31-D0O, STRB, and R/W are placed in a high-impe- 
dance state and that all transactions over the bus will be 
held. HOLDA will be high in response to a logic high of 
HOLD, or the NOHOLD bit of the primary bus control 
register is set. 


Control Signals (10 Pins) 


RESET ° 1 Reset. When this pin is a logic low, the device is placed 
in the reset condition. When reset becomes a logic 1, 
execution begins from the location specified by the re- 
set vector. 


INT3—INTO | 4 | |__| External interrupts. Pst eee 
IACK 1 O/Z Interrupt acknowledge signal. [ACK is set to 1 by the 
[ACK instruction. This can be used to indicate the begin- 
ning or end of an interrupt service routine. 
MCBL/MP me ie a Microcomputer boot loader/microprocessor mode pin. Peo 
SHZ ae Shut down high Z. An active low shuts down the be] 
External flag pins. They are used as general-purpose 
/O pins or to support interlocked processor instruc- 
tions. 
Serial Port 0 Signals (6 Pins) 


TMS320C31 and places all pins in a high-impedance 
XF1, XFO 2 
CLKRO 1 VO/Z Serial port 0 receive clock. This pin serves as the serial 
shift clock for the serial port 0 receiver 


SHZ = 1 to restore it to a known operating condition. 


S 
state. This signal is used for board-level testing to en- 
sure that no dual drive conditions occur. CAUTION: An 
memory and register contents. Reset the device with an 
S R 
. This pi i S R 
CLKXO 1 VO/Z Serial port 0 transmit clock. This pin serves as the serial Ss R 
shift clock for the serial port 0 transmitter. 
1 VO/Z Data receive. Serial port 0 receives serial dataviathe | S R 
DRO pin 
i i Ss R 
FSRO 1 VO/Z Frame sychronization pulse for receive. The FSRO S R 
pulse initiates the receive data process over DRO. 
FSX0 1 VO/Z Frame synchronization pulse for transmit. The FSXO Ss R 
pulse initiates the transmit data process over pin DX0. 


T Input (|), output (O), high-impedance state (Z). 
S = SHZ active, H = Hold active, R = Reset active. 


active low on the SHZ pin corrupts TMS320C31 
DX0O 1 VO/Z Data transmit output. Serial port 0 transmits serial data 
on this pin. 
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Table 13-6. TMS320C31 Signal Descriptions (Concluded) : 


foci ae bo 


Timer Signals (2 Pins) 


Timer clock 0. As an input, TCLKO is used by timer 0 to 
count external pulses. As an output pin, TCLKO outputs 
pulses generated by timer 0. 


Condition When 
Signal Is in High Z+ 
Supply and Oscillator Signals (49 Pins) 


S 

H1 1 O/Z External H1 clock. This clock has a period equal to twice S 
CLKIN. 

H3 1 O/Z External H3 clock. This clock has a period equal to twice S 
CLKIN. me 

Vpp 20 +5-Vpc supply pins. All pins must be connected to a 
common supply plane. § 

Vss 25 Ground pins. All ground pins must be connected to a 
common ground plane. 

X1 1 O/Z Output pin from the internal crystal oscillator. If a crystal S 

is not used, this pin should be left unconnected. 
X2/CLKIN ae ae The internal oscillator input pin from a crystal or aclock. Wee 3 


Reserved (4 Pins) 1 


EMU2 — EMUO see Reserved. Use 20-kQ pull-up resistors to +5 volts. ae 
EMU3 


T Input (1), output (O), high-impedance state (Z). 

¢ S-=SHZ active, H = Hold active, R = Reset active. 
§ 

{ 


Timer clock 1. As an input, TCLKO is used by timer 1 to 
count external pulses. As an output pin, TCLK1 outputs 
pulses generated by timer 1. 


Recommended decoupling capacitor value is 0.1 pF. 


Follow the connections specified for the reserved pins. 18- to 22-kQ. pull-up resistors are recommended. All +5 volt supply 
pins must be connected to a common supply plane, and all ground pins must be connected to a common ground plane. 
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13.3 TMS320C3x Mechanical Data 
Figure 13-4. TMS320C30 181-Pin PGA Dimensions 
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TMS320C3x Mechanical Data 
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Figure 13-5. 1TMS320C31 132-Pin Plastic Quad Flat Pack 


4,45 (0.175) 


0,254 (0.010) Nom ei 4,19 (0.165) 
0,635 (0.025) Nom 0,76 (0.030) Nom 
mle osm0 Nom 
és Hy Hay ee 


iN 


24,18 (0.952) 
24,08 (0.948) 


27,56 (1.085) 
27,31 (1.075) 


24,18 (0.952) 
24,08 (0.948) 


27,56 (1.085) 
27,31 (1.075) 


Thermal Resistance Characteristics 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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13.4 Electrical Specifications 


Table 13-7. Absolute Maximum Ratings over Specified Temperature Range 


Condition/Characteristic TMS320C30/TMS320C31 Range 
Supply voltage range, Vpp -0.3Vto7V 


Input voltage range ~O.3Vto7V 
Output voltage range -0.3Vto7V 


Continuous power dissipation 3.15 W for TMS320C30 
1.7 W for TMS320C31 
(See Note 3) 
Operating case temperature range 0°Cto 85 °C 
Storage temperature range — 55°C to 150°C 


Notes: 1) Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This 
is a stress rating only; functional operation of the device at these or any other conditions beyond those indicated 
inthe “Recommended Operating Conditions” section of this specification is notimplied. Exposure to absolute-maxi- 
mum-rated conditions for extended periods may affect device reliability. 

2) All voltage values are with respect to Vss. 


Actual operating power will be less. This value was obtained under specially produced worst-case test conditions, 
which are not sustained during normal device operation. These conditions consist of continuous parallel writes of 
acheckerboard pattern to both primary and expansion buses at the maximum rate possible. See nominal (Ipp) cur- 
rent specification in Table 13-8 and also read Calculation of TMS320C30 Power Dissipation, Appendix E. 


= 


Table 13-8. Recommended Operating Conditions 


Tt Guaranteed from characterization but not tested. 


Note: Note 1 for Table 13-7 also applies to this table. Allinput and output voltages except for CLKIN are TTL-compatible. CLKIN 
may be driven by a CMOS clock. 
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TMS320C30-33 
TMS320C30-27 
TMS320C30-40 
TMS320C31-33 
TMS320C031-27 


Input capacitance (except CLKIN) 


Output capacitance 20 


+ Guaranteed by design but not tested. 
Notes: 1) All nominal values are at Vpp =5 V, Ta = 25°C. © 


loc 


fy = Max) (See Note 5) 


C) 


+ 


Co 


2) fy is the input clock frequency. The maximum value is 40 MHz. 

3) All input and output voltage levels are TTL compatible. 

4) Pins with internal pull-up devices: INT3 — INTO, MC/MP, RSV10 — RSVO. Although RSV10-RSV0 have internal 
pullup devices, external pullups should be used on each pin as described in Table 13-5, page 13-12. 


5) Actual operating current will be less than this maximum value. This value was obtained under specially produced 
worst-case test conditions, which are not sustained during normal device operation. These conditions consist of con- 
tinuous parallel writes of a checkerboard pattern to both primary and expansion buses at the maximumrate possible. 
See Calculation of TMS320C30 Power Dissipation, Appendix E. 


Figure 13-6. Test Load Circuit 


v) 'oL 


; Output 
Tester Pin = VW gaq Under 
Electronics Test 
Where: loL = 2.0 mA (all outputs) 
IOH = 300 BA (all outputs) 
VLoad =2.15V 


CT = 80 pF typical load circuit capacitance. 
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13.5 Signal Transition Levels 


13.5.1 TTL-Level Outputs 


TTL-compatible output levels are driven to a minimum logic-high level of 2.4 
volts and to a maximum logic-low level of 0.6 volt. Figure 13-7 shows the TTL- 
level outputs. 


Figure 13-7. TTL-Lével Outputs 


TTL-output transition times are specified as follows: 


{i =For a high-to-low transition, the level at which the output is said to be no 
longer high is 2.0 volts, and the level at which the output is said to be low 
is 1.0 volt. 


C4 For a low-to-high transition, the level at which the output is said to be no 
longer low is 1.0 volt, and the level at which the output is said to be high 
is 2.0 volts. 


13.5.2 TTL-Level Inputs 


Figure 13-8. TTL-Level Inputs 


TTL-compatible input transition times are specified as follows: 


Gy Fora high-to-low transition on an input signal, the level at which the input 
is said to be no longer high is 2.0 volts, and the level at which the input is 
said to be low is 0.8 volt. 


Gy =For a /ow-to-hightransition on an input signal, the level at which the input 
is said to be no longer low is 0.8 volt, and the level at which the input is said 
to be high is 2.0 volts. 


Figure 13-8 shows the TTL-level inputs. 
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13.6 Timing 
Timing specifications apply to the TMS320C30 and TMS320C31. 


13.6.1 X2/CLKIN, H1, and H3 Timing 


Table 13-10 defines the timing parameters for the CLKIN, H1, and H3 interface 
signals. The numbers shown in parentheses in Figure 13—9 and Figure 13—10 
correspond with those in the No. column of Table 13-10. 


Figure 13-9. Timing for X2/CLKIN 


Figure 13-10. Timing for H1/H3 
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TMS320C30-27 | TMS320C30-33 | TMS320C30-40 
TMS320C31-27 | TMS320C31-33 


(2) | tw(CiL) CLKIN low pulse duration 14 10 
te(Cl) = min 

(3) | tw(CIH) . | CLKIN high pulse duration 14 10 
tce(Ci) = min 


re [ty [Himataime «dt SSP | | | 
my Tiwi) | HiMto ow pulse duration [Pe | Pe —«4 RS —*dsie 


60 606 50 


(9.1) | ta(HL-HH) | Delay from H1(H3) low to 
74606 


H3(H1) high 


(10) H1/H3 cycle time 


t Guaranteed from characterization but not tested. 
Guaranteed by design but not tested. 
Note: P =to(cl) 
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13.6.2 Memory Read/Write Timing 


Table 13-11 defines memory read/write timing parameters. The numbers 
shown in parentheses in Figure 13-11 and Figure 13-12 correspond with 
those in the No. column of Table 13-11. 


Figure 13-11. Timing for Memory ( (M)STRB = 0) Read 


| 
| 
—P i (13.1/13.2) 


(X)A 
| —> (15.1/15.2) 
gy—W i ER ne) 
(X)D 
(17.1/17.2)—B} }— 
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TMS320C30-27 
=a -27 aT | 
sons | Min Max | Unit 


es 
a Oe nena ee oe 
sn Fpnseavey | Hinignie ewan [oF ro | oF ro [oF a os 
rosa) [itixmwn; [ Hinghoxtowasy [oF ve | of 5) i 
SCAT Tere ES ST CE 
042) [typiiown) [ation xavessasy [oF re oF wo [of 
(5.1) [teuoyn | Dsetup before Ht ow (read) | 18 
(5.2) | teyxD)R | x0 setup betore Ht ow ead) | 21 
cae 
a 
pions 


(16) tht X)D)R X)D hold time after H1 low 
aa 


(17.1) | tsu(RDY RDY setup before H1 high 
(17.2) | tsu(xRDY XRDY setup before H1 high 
(18) | thyx)RDY (X)RDY hold time after H1 high 


+ Guaranteed by design but not tested. 


Figure 13-12. Timing for Memory ( (M)STRB = 0) Write 


l@— (22.1/22.2) 
(20) | © > (21) 


(17.117.2)_pl ig ne 
| 


(X)RDY \ V \ / 
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Table 13-11. Timing Parameters for a Memory ( (M)STRB = 0) Read/Write (Figure 13-11 and Figure 13-12) 
(Concluded) 


TMS320C30-27 | TMS320C30-33 | TMS320C30-40 | Unit 
eee ec ah as 
aa | Min = Max | Unit 


delay 


(20) 7 X)D)W (X)D valid after H1 low (write) p25 | 0 


(21) (X)D hold time after H1 high 
(write) 
(22.1) | td(H1H—A) H1 high to A valid on back-to- 15 
back write cycles (write) delay 
(22.2) | td(H1H-XA) H1 high to XA valid on back-to- 32 25 21 ns 
back write cycles (write) delay 
tA-(X)RDY) __| (XJRDY delay from A valid delay 


tT Guaranteed from characterization but not tested. 
Guaranteed by design but not tested. 
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| 
| 
1 (44.4)—pp Qu ee <— | 
| 
| 


XR/W | 


XD 


(17.3) —> — 
—> y, (18.1) 
| 


XRDY : 4 


Table 13-12. Timing Parameters for a Memory ( IOSTRB = 0) Read (Figure 13-13 and Figure 13-14) 


TMS320C30-27 | TMS320C30-33 | TMS320C30-40 


(11.1) | ta(HiH-IOSLy _ | H1 high to TOSTRB low delay ot = t0 


delay 
(14.3) 
(16-1) [txoyn | XDholdiimeatert high [oi 0 


(18.1) | thxxRDY) XRDY hold time after H1 te 
high 


+ Guaranteed by design but not tested. 
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Figure 13-14. Timing for Memory ( IOSTRB = 0) Write 


| 
P(A) (124) <— | 
! 
| 


| | 
(23) > — | | ; cee 
XR/W | | | | | 
ple (14.3) | | 
XA 
pl (24) Pi i (25) 
XD 


TMS320C30-27 | TMS320C30-33 | TMS320C30-40 
(23) | taH4L-XRWL H1 low to XR/W low delay ot 19 ot 15 ot 13 
38 


‘ Guaranteed by design but not tested. 
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13.6.3 XFO and XF1 Timing When Executing LDFI or LDII 
Table 13-14 defines timing parameters. for XFO and XF1 when you execute 


LDFI or LDII. The numbers shown in parentheses in Figure 13—15 correspond 
with those in the No. column of Table 13-14. 


Figure 13-15, Timing for XFO and XF1 When Executing LDFI or LDII 


Fetch 
| LDFlorLDI | Decode | Read | Execute | 


| 
(M)STRB | : \ / 
: | 
es ae a 
(x)R/W | 
| | 
| 
OA ns) Gi Ga 
| ! | 
ve | | 
| | 
| 
| (1) i 
| 
XFO Pin (2) > . \ 


XF1 Pin NY 


Table 13-14. Timing Parameters for XFO and XF1 When Executing LDFI or LDII (Figure 13-15) 


TMS320C30-27 | TMS320C30-33 | TMS320C30-40 
TMS320C31-27 | TMS320C31-33 


eee] 


XFiholdtimeatterHilow | oo = | oOo 


(3) 


scotatoatanacgueacasaenhtaseisosntozataetoeetate eg eteteataten aetieatossocoooeartstaasebeneeteenotnatanotetottesaesatetueatetustaetetaetotetneteteacagasuatatoestsnnacausamanatobaatatactasaetaeaataeate etaatanstatstaetatatetattatataatetesatoratateanateesonaterstebtetosletatcatatottatatnateetatotetetatetsataceatetottetatratetoatetoasasatensatetteteteatetetsetatetetettstatetaatstaet temeetcneapestetlatanstoasatetettetotanaanuretestonngatsataatesstaasstatepsntategmanstettatagsteteteteseteigetoysetaty 


13.6.4 XFO Timing When Executing STFI and STIl 
Table 13-15 defines the timing parameters for the XFO and XF1 when you ex- 
ecute STFl or STII. The numbers shown in parentheses in Figure 13-16 corre- 
spond with those in the No. column of Table 13-15. 


Figure 13-16. Timing for XFO When Executing a STFI or STII 


Fetch 
| STFlor ST | Decode | Read Execute | | 
H3 


XFO Pin / 


Table 1 3-1 5. Timing Parameters for XFO When Executing STFI or STII (Figure 13-16) 


TMS320C30-27 | TMS320C30-33 | TMS320C30-40 
TMS320C31-27 | TMS320C31-33 


tg(HSH-XFOH) | _H3 high to XFO high delay 
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13.6.5 XFO and XF1 Timing When Executing SIGI 


Table 13—16 defines the timing parameters for the XFO and XF1 when you ex- 
ecute SIGI. The numbers shown in parentheses in Figure 13-17 correspond 
with those in the No. column of Table 13-16. 


Figure 13-17. Timing for XFO and XF1 When Executing SIGI 


Fetch 
| SIGI | Decode | Read | Execute | 


| 
| 
| 
(3) > e— a — ie— (2) 
XFO \ / 
[| 
N\ J a 
XF1 | 


Table 13-16. Timing Parameters for XFO and XF1 When Executing SIG! (Figure 13-17) 


TMS320C30-27 | TMS320C30-33 | TMS320C30-40 
TMS320C31-27 | TMS320C31-33 


(1) _| ta(HSH-xFOL 
7 
(4) XF1 hold time after H1 low 
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13.6.6 Loading When the XF Pin Is Configured as an Output 


Table 13-17 defines the timing parameters for loading the XF register when 
the XF pin is configured as an output. The numbers shown in parentheses in 
Figure 13-18 correspond with those in the No. column of Table 13-17. 


Figure 13-18. Timing for Loading XF Register When Configured as an Output Pin 


Fetch Load 
| Instruction | Decode | Read Execute | 


OUTXF XY: 1: OF 0 
—m ie (1) 


XF Pin | | x 


Table 13-17. Timing Parameters for Loading XF Register When Configured as an Output Pin (Figure 13-18) 


VHSHAXE H3hightoxFvaid | 19 | tT 


f 
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13.6.7 Changing the XF Pin From an Output to an Input 


Table 13-18 defines the timing parameters for changing the XF pin from an 
output pin to an input pin. The numbers shown in parentheses in Figure 13-19 
correspond with those in the No. column of Table 13-18. 


Figure 13-19. Timing for Change of XF From Output to Input Mode 


Buffers Go 
Execute from Ouput , Synchronizer Value on Pin 
i | Load of oF | | to Input Delay Seen in 1OF 
| | | | 
| | | [f 
| | | | 
H1 | | | [- 
ig | | 
TOXF ) | see | 
Bit | —p>!4— (3) | 
wie (1) | l 
ave RAR, RRR 
| 


INXF Bit | GC 


VI 
Sampled XX ‘QS Xx) 


Table 13-18. Timing Parameters of XF Changing From Output to Input Mode (Figure 13-19). 


TMS320C30-27 | TMS320C30-33 | TMS320C30-40 
TMS320C31-27 | TMS320C031-33 
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13.6.8 Changing the XF Pin From an Input to an Output 
Table 13-19 defines the timing parameters for changing the XF pin from an in- 
put pin to an output pin. The numbers shown in parentheses in Figure 13-20 
correspond with those in the No. column of Table 13-19. 


Figure 13-20. Timing for Change of XF From Input to Output Mode 


Execution of 
| Load of IOF | | 


Table 13-19. Timing Parameters of XF Changing From Input to Output Mode (Figure 13-20) 


TMS320C€30-27 | TMS320C30-33 | TMS320C30-40 
TMS320C31-27 | TMS320C31-33 


(1) | td(H3H-XFIO) | H3high to XF switching from inputto 25 a 
output delay 
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13.6.9 Reset Timing 


RESET is an asynchronous input that can be asserted at any time during a 
clock cycle. If the specified timings are met, the exact sequence shown in 
Figure 13-21 will occur; otherwise, an additional delay of one clock cycle may 
occur. 


The asynchronous reset signals include XF0/1, CLKX0/1, DX0/1, FSX0/1, 
CLKRO/1, DRO/1, FSRO/1, and TCLKO/1. 


Table 13-20 defines the timing parameters for the RESET signal. The num- 
bers shown in parentheses in Figure 13-21 correspond with those in the No. 
column of Table 13-20. 


Resetting the device initializes the primary and expansion bus control registers 
to 7 software wait states and therefore results | in slow external accesses until 
these registers are initialized. 


Note also that HOLD is an asynchronous input and can be asserted during re- 
set. 
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Figure 13-21. Timing for RESET 


KN NAPA DDD DDD DDD DIN. 


RESET “I | | —fr ee Se 
Notes 5, 6 
Notes 5.8) Tay aed 22) sale (3) 
Hi ee Nee f£\NS\VS\VITN 
(5.1) >| je | | 


| | 
49 ON NINN SNS RI NI TS 
—_+—+ 10 H1 Clock Cycles —el 


| (8) 
X(0) —— 
3 > 
(Notes 1,7) 
(io) sd 
Control 7 
eo Se 


(Note 3) 
IACK . 
Asynchronous _ —?- (12) 
Reset Signals > ej 
(Note 4) 


Notes: 1) (X)D includes D31—DO0 and XD31—XDO. _ 

2) (X)Aincludes A23—A0, XA12—XA0, and (X)R/W. 

3) Control signals include STRB, MSTRB, and IOSTRB. 

4) Asynchronously reset signals include XFO/1, CLKX0/1, DX0/1, FSX0/1, CLKRO/1, DRO/1, FSRO/1, and TCLKO/1. 

5) RESET is an asynchronous input and can be asserted at any point during a clock cycle. If the specified timings are 
met, the exact sequence shown will occur; otherwise, an additional delay of one clock cycle may occur. 

6) Note that the R/W and XR/W outputs are placed in a high- impedance state during reset and can be provided with 
a resistive pull-up, nominally 18-22 kQ, if undesirable spurious writes could be caused when these outputs go low. 

7) Reset vector is fetched three times with 7 software wait states each. 
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Table 13-20. Timing Parameters for RESET (Figure 13-21) 


(1) 


TMS320C30-27 | TMS320C30-33 | TMS320C30-40 
™MS320C31-27 | TMS320C31-33 
low 


(2.1) | 4d(CLKINH-H1H CLKIN high to H1 high delay § 
ta(CLKINH-HiL CLKIN high to Ht low delay § 


( ) 
(3) | tsu(RESETH-H1L) Setup for RESET high! 13 10 ns 
: before H1 low and after 10 H1 
clock cycles 
4 


(5.2) | ta(CLKINH-H3H CLKIN high to H3 high delay § 4 14 


(8) | tdis(H1H-(X)D) H1 high to (X)D disabled (high 19T 15T 13T | ns 
impedance) 
(9) | tdis(H3H-(Xx)A) H3 high to (X)A disabled (high {at 10t ot ns 
impedance) 
(10) | tq(H3H-CONTROLH) H3 high to control signals high 10T 
delay 
13 


ta(HIH-IACKH Ht high toTACK high delay | st | tot | ot | ns 


(12) | tdis(RESETL-ASYNCH) | RESET low to asynchronously 3it ast 21t | ns 
reset signals disabled (high im- 
pedance) 


Tt Characterized but not tested. 


§ See Figure 13-22 for temperature dependence for the 33 MHz TMS320C30. 
Note: P =to(C)) 


tsu(RESET 


Figure 13-22. CLKIN to H1/H3 as a Function of Temperature 


TMS320C30-33 


4.75V SVpp $5.25 V 


CLKIN to H1/H3 (ns) 
yD 


0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 Cc? 


Case Temperature (C°) 
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13.6.10 SHZ Pin Timing 


Table 13-21 defines the timing parameters for the SHZ pin. The numbers 
shown in parentheses in Figure 13-23 correspond with those in the No. col- 
umn of Table 13-21. 


Figure 13-23. Timing for SHZ Pin 


N 


H a 
| ——is | 
l¢— (1) (2) 


Note: Enabling SHZ destroys TMS320C3x register and memory contents. Assert SHZ = 1 and reset the TMS320C3x to restore 
it to a known condition. 


Table 13-21. Timing Parameters for SHZ Pin (Figure 13-23) 


TMS320C30-27 | TMS320C30-33 | TMS320C30-40 
aos -27 ae 
Description 


tdis(SHZ) SHZ low to all O, I/O pins dis- <a Sa 2Pt a opt | ns 
abled (high impedance) 

ten(SHZ) SHZ high to all O, I/O pins en- ot anger ot opt ot opt Ae 
abled (active) 


Tt Characterized but not tested. 
Note: P = te(Cl) 
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13.6.11. Interrupt Response Timing 


Table 13-22 defines the timing parameters for the INT signals. The numbers 
shown in parentheses in Figure 13-24 correspond with those in the No. col- 
umn of Table 13-22. 


Figure 13-24. Timing for INT3-INTO Response 


Fetch First 
Interrupt Instruction of © 
Vector Read Service Routine 


| 
| | | 


Reset or 


INTS -INTO 7\ | | 7 
Pin 


le— (2) —> | 


| 

| 

| 

| 

INT3 -INTO | : 
Flag 

| | 

| 


| First 
ADDR ee | Instruction 
Address 


Table 13-22. Timing Parameters for INT3-INTO (Figure 13-24) 


TMS320C30-27 TMS320C30-33 TMS320C30-40 
tae a -27 aos 
Description 
Bad tsu(INT) Nisan ee een before H1 
(2) | tw(INT) — pulse al : ae ce 
; guarantee only one interrupt 
seen 


tT Characterized but not tested. 
Note: P= t¢(H) 


The interrupt (INT) pins are asynchronous inputs that can be asserted at any 
time during a clock cycle. The TMS320C3x interrupts are level sensitive, not 
edge sensitive. Interrupts are detected on the falling edge of H1. Therefore, 
interrupts must be set up and held to the falling edge of H1 for proper detection. 
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For the processor to recognize only one interrupt on a given input, an interrupt 
pulse must be set up and held to: 


[4 aminimum of one H1 falling edge, and — 


Ci =no more than two H1 falling edges. 


The TMS320C3x can accept an interrupt from the same source every two H1 
clock cycles. 


If the specified timings are met, the exact sequence shown in Figure 13-24 will 
occur; otherwise, an additional delay of one clock cycle may occur. 
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13.6.12 Interrupt Acknowledge Timing 


The IACK output is active for the entire duration of the bus cycle. Its activity is 
extended if the bus cycle utilizes wait states. 


Table 13-23 defines the timing parameters for the IACK signal. The numbers 
shown in parentheses in Figure 13-25 correspond with those in the No. col- 
umn of Table 13-23. 


Figure 13-25. Timing for ACK 


Fetch |ACK IACK Data 
| Instruction | | Read | | 
H3 
OMe Ht te Le 
| 
(1) Bo it | 
| —p (2) 


ADDR x x 


Table 13-23. Timing Parameters for IACK (Figure 13-25) 


TMS320C30-27 | TMS320C30-33 | TMS320C30-40 
res -27 aaa -33 
Description 


td(H1H-IACKL) | H1 high to TACK low delay 
Be td(HH-IACKH) | H1 high to TACK high delay SS 


Note: The IACK output is active for the entire duration of the bus cycle and is therefore extended if the bus cycle utilizes wait 
states. 
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13.6.13 Data Rate Timing Modes 


Unless otherwise indicated, the data rate timings shown in Figure 13-26 and 
Figure 13-27 are valid for all serial port modes, including handshake. For a 
functional description of serial port-operation, refer to subsection 8.2.12 of the 
TMS320C3x User’s Guide. 


Table 13-24 defines the timing parameters for the serial port timing. The num- 
bers shown in parentheses in Figure 13-26 correspond with those in the No. 
column of Table 13-24. 


Figure 13-26. Timing for Fixed Data Rate Mode 


| | 
CLKX/R | ai ie | KF; \/S 
| | ot le (5) | 


| | 
| | | 
: ! (6) ae ie > ie (8) {¢—>- (15) 


(XX XKKK KKK KKK KK D 
RAKE K KY 


OOOO KO KKK KKK OK KX Y (XXXX¥ XX KK KKK KKK KKK KKK KKK KKK KKK KKK 
aresatatataNeatatalilalatalelalatatelelalatetelelatatetelelate’ alaleatelalalalatatatelelalatatetelelatatetelelatatetelararen 


RX XX KKK KKK KKK KKK KKK KKK KKK KKK KAKA KKK KKK KKK KKK KKK KKK RXXKXK KKK K KKK KKK KKK KKK KKK KKK 
FSR | DstoelateetaleetateetalletellatellatellatellateleteteletateleteteletatelleceltetellateletaceletReeataloetacoetacellateloletatellataloetatoloetared 
‘ as al (10) iF ] | 
| 
FSX(INT) io og le (11) \ | 
| 


RX XXX KXKKKKKKKK KKK KKK KKK KK KKK KK KKK KKK KK KKK KKK KKK KKK KK KXXXKKKKKKKKKKKKKKKKK KKK KK KKK 
Da atatatatatatatatatatatararararararararacararararasararararararacececarerevevevececececececececececececsrecececececececececerececarararararanecececececererereren 


(11) ole 


Notes: 1) Timing diagrams show operations with CLKXP = CLKRP = FSXP = FSRP = 0. 
2) Timing diagrams depend upon the length of the serial port word, where n = 8, 16, 24, or 32 bits, respectively. 
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| 
a! (14 
(12)-pf 7 i | | 
| ares 
FSX(EXT) t (6) 4 


DX Bit n-7 ¢  Bitn2 =X Bitn-3 Bit 0 — 


FSR 


KKKXKKKKKKK KK KKK 
MK 


SU UMLMLO NAAN CUMUUA AAI 
RK REKXKKRY 


KKK 


Pas 


RRO 
DR Oy 


ASAAAAAALA 


Notes: 1) Timing diagrams show operation with CLKXP = CLKRP = FSXP = FSRP =0. 


2) Timing diagrams depend upon the length of the serial port word, where n = 8, 16, 24, or 32 bits, respectively. 
3) The timings that are not specified expressly for the variable data rate mode are the same as those that are specified 


for the fixed data rate mode. 
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Timing 


Table 13-24. Serial Port Timing Parameters (Figure 13-26 and Figure 13-27) 


TMS320C30-27 
: TMS320C31-27 
Description 


re eae CLKX/R cycle time CLKX/R ext to(H)x2.6T 


CLKXIR int to(H)x2 to(H)x232t 
iam 


CLKXIR ext to(H)+12T . ns 
CLKX/R int [te(SCK)/2]-15 [teisck)/2]+5 
ace t(SCK CLKX/R fall time 10t | ons | 


(6) | taDx) CLKX to DX valid delay 44 ns 
tsu(DR) DR setup before 13 ns 
h(DR) DR hold from 
d(FSX) CLKX to internal 40 ns 
P= ftine — Ha —" 


(10) tsu(FSR) 
low 
CLKR int . 


13 


CLKXIR int 
(12) | tsu(FSx) 


CLKX ext —[te(H)-8] [teyscK)/2}-1 ot 
(13) d(CH-DX)V__| CLKXto first DX bit, FSX pre- | CLKX ext 45 ns 
cedes CLKX high delay 


CLKXint ~[toiH)-21] toscKy/2t 
CLKX int . 26 


ee : FSX-Dx)V’ | FSX to first DX bit, CLKX precedes FSX delay , 


(15) d(DXz) CLKX high to DX high impedance following last 25t ns 
data bit delay 


t Guaranteed by design but not tested. 
+ Not tested. 


CLKX/R_ high/low pulse du- 
ration 


External FSX setup before 
CLKX 
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Table 13-24. Serial Port Timing Parameters (Figure 13-26 and Figure 13-27) (Continued) 


TMS320C30-33 
. TMS320C31-33 
Description 

n 
n 
n 
n 
n 
n 


(2) | te(Sck) CLKX/R cycle time CLKX/R ext to(}H)x2.6T 
CLKXIR int to(H)x2 top x232F 
tw(SCK) CLKX/R_ high/low pulse du- 


ration 


CLKX/R ext to(H) +1 at ee 


CLKX/R int [terSCK)/2]-15 [teiscK)/2]+5 


2 


ns 
s 
(8) th(DR) DR hold from CLKR ext 
CLKR low CLKR int 
(9) | ta7FSx) CLKX to internal CLKX ext . 32 s 
FSX high/low delay CLKX int 17 
(10) | tsu(FSR) FSR setup before CLKR ext 10 Ss 
CLKR low CLKR int 10 
s 
ns 
ns 


FSX/R_ input hold from | CLKX/R ext 10 
CLKX/R low 


(11) | th(Fs) 
CLKXIR int 


(12) tsu(FSX) ane FSX setup before | CLKX ext —[te(H)-8] [te(Sck)/2]-1 ot 
CLKX int [toyH)-21] teiscKy/2t 


(13) | ta(CH-Dx)V_— | CLKX to first DX bit, FSX pre- 
| CLKX int 21 


cedes 
td(FSX-Dx)V_| FSX to first DX bit, CLKX precedes FSX delay 


CLKX high delay 
(15) | td(DxXz) CLKX high to DX high impedance following last 
data bit delay 


t Guaranteed by design but not tested. 
Not tested. 


ne ae 
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TMS320C30-40 
te(H)x2 to(H)x292t 


“CLKX/R high/low pulse du- | CLKX/R ext te(H)+10T 


ration 
CLKX/R int [te(SCK)/2I-5 [te(sck)/2]+5 
(5) | trscK CLKX/R fall time 


(6) td(Dx) CLKX to DX valid delay CLKX ext 
; CLKX int 
(7) tsu(DR) DR setup before CLKR ext 
CLKR low CLKR int 21 
R) 
‘) 
) 


= 
=) 
n 


ns 


=] 
wo 


+ 


=) 
” 


NIN 
pa 


ie) 
fo) 
— 
n 


— 
N 
3 


2 


(D 
( 
(8) th(D DR hold from CLKR ext 
CLKR low CLKR int 
(9) td(FSX CLKX to internal CLKX ext 27 
FSX high/low delay CLKX int 15 
(10) | tsu(FSR FSR setup before CLKR ext 
CLKR low CLKR int 
FSX/R_ input hold from | CLKX/R ext 


CLKX/R low 
CLKX/R int 


-{to(H)-8] [te(scky2I-10# | ns 


CLKX int —[tory)-21] toscKy2t 


CLKX ext 


p=) 
77) 


_ =) 
n n no n 


External FSX setup before 
CLKX 


CLKX to first DX bit, FSX pre- 


30 ns 
cedes CLKX high delay 
(14) | tq(FSx-px)v_ | FSX to first DX bit, CLKX precedes FSX delay ns 
(15) | tq(Dxz) CLKX high to DX high impedance following last 17t 
data bit delay 


t Guaranteed by design but not tested. 
+ Not tested. 
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13.6.14 HOLD Timing 


HOLD is an asynchronous input that can be asserted at any time during aclock 
cycle. If the specified timings are met, the exact sequence shown in 
Figure 13-28 will occur; otherwise, an additional delay of one clock cycle may 
occur. 


Table 13-25 defines the timing parameters for the HOLD and HOLDA signals. 
The numbers shown in parentheses in Figure 13-28 correspond with those in 
the No. column of Table 13-25. 


The NOHOLD bit of the primary bus control register (refer to Chapter 7, sub- 
section 7.1.1) overrides the HOLD signal. When this bit is set, the device 
comes out of hold and prevents future hold cycles from occurring. 


Figure 13-28. Timing for HOLD/HOLDA 


4 le (1) | | | —> le (1) | 
ae eS | 
| | my @) =H Ke (3) 
<+—_——— (6) ——— 
HOLDA | | iN 7 
: ae eo +a ee (9) 
| 1 @-(10) =m an 
! 


> e-(16) 


Note: HOLDAwillgolowinresponse to HOLD going low and will continue to remain low until one H1 cycle after HOLD goes back » 
high as shown in Figure 13-28. 
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TMS320C30-27 
aa -27 
Description 


Por finctoa[oRawaettey —[ ew [ot | a 
fo Pro.) —[HOCDIow eaten Ray Ley ey | 
Oe ee 


(8) tdis(H1L-S) H1 low to STRB disabled (high-im- 
pedance state) 


(9) | ten(H1IL-S H1 low to STRB enabled (active) . 


TMS320C30-33 (Gacreunnneal 40 
Sinha hema 


tree 


(10) | tdis(HiL-RW) | H1 low to R/W disabled (high-im- 
pedance state) 


(11) | ten(HiL-RW) | H1 low to R/W enabled (active) 


(12) | tdis(Hi1L-A) | H1 low to address disabled (high- iat 
impedance state) 


(13) | ten(HiL-A H1 low to address enabled (valid) 


(16) | tdis(HtH-D) | H1 high to data disabled (high-im- 
pedance state) 


Tt Characterized but not tested. 
£ Not tested. 


Note: HOLDis an asynchronous input and can be asserted at any point during aclock cycle. If the specified timings are met, the 
exact sequence shown will occur; otherwise, an additional delay of one clock cycle may occur. 
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13.6.15 General-Purpose I/O Timing 
Peripheral pins include CLKX0/1, CLKRO/1, DX0/1, DRO/1, FSX0/1, FSRO/1, 
and TCLKO/1. The contents of the internal contro! registers associated with 
each peripheral define the modes for these pins. 


13.6.15.1 Peripheral Pin I/O Timing 


Table 13—26 defines peripheral pin general-purpose I/O timing parameters. 
The numbers shown in parentheses in Figure 13-29 correspond with those in 
the No. column of Table 13-26. 


Figure 13-29. Timing for Peripheral Pin General-Purpose I/O 
i J Nf OS VS PATS NTS 
HI NY N SN ANA NSN 
“ee @) ss sles 


Table 13-26. Timing Parameters for Peripheral Pin General-Purpose 1/O (Figure 13-29) 


act us Eddins 


edd Mc Tal 
H1 | 
ft 


i 15 
ow 
(2) | th(GPIOH1L) | General-purpose input hold time 
after H1 low 
(3) | td(GPIOH1H) | General-purpose output delay after 19 
H1 high 


Note: Peripheral pins include CLKX0/1, CLKRO/1, DX0/1, DRO/1, FSX0/1, FSRO/1, and TCLKO/1. The modes of these pins are 
defined by the contents of internal control registers associated with each peripheral. 
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13.6.15.2 Changing the Peripheral Pin I/O Modes 


Table 13-27 and Table 13-28 show the timing parameters for changing the pe- 
ripheral pin from a general-purpose output pin to a general-purpose input pin 
and vice versa. The numbers shown in parentheses in Figure 13-30 and 


Figure 13-31 correspond to those shown in the No. column of Table 13—27 
and Table 13-28. 


Figure 13-30. Timing for Change of Peripheral Pin From General-Purpose Output to Input Mode 


Execute Value on Pin| . 
Store Of Facet aes Seen in 
Peripheral join i: Synchronizer Delay Peripheral 
Control Pp Control 
Register Register 

Wf NaF VS SY ST NT NZ 

Hi 

10 | (2) le | 

Control Bit (3) 


Peripheral ROKR OOOO RIN | CECCCENO AS 
: Pin RK KKK KKK A RKKKK KKK RRR KER KKK, LKXXKKEE AX 
Data Bit pad we 
Data 
Sampled 


Table 13-27. Timing Parameters for Peripheral Pin Changing From General-Purpose Output to Input Mode 
(Figure 13-30) 


T™MS320C31-27 | TMS320C31-33 
To) Pinner) | Roldatertit hin Sit PY oe | 
2) | teuepioriny | Perpheralpin seupbstorentiow | 1a | ia —*i| Si rs 
rs) Ltvapiouny [PetphoralpinholdaferHtiow [0 [0 | 6 | ws | 


13-48 TMS320C3x Signal Descriptions and Electrical Characteristics 


Figure 13-31. Timing for Change of Peripheral Pin From General-Purpose Input to Output Mode 


Execution of Store 
of Peripheral Control 
Register 


IO Control 
Bit | 
| 
Peripheral | 
Pin 


Table 13-28. Timing Parameters for Peripheral Pin Changing From General-Purpose Input to Outout Mode 
| (Figure 13-31) 


TMS320C30-27 | TMS320C30-33 | TMS320C30-40 
TMS320C31-27 | TMS320C31-33 


(1) | ta(GPIOH1H H1 high to peripheral pin switching 19 15 13 
from input to output delay 
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13.6.16 Timer Pin Timing 


Valid logic level periods and polarity are specified by the contents of the internal 
control registers. i 


Table 13-29 defines the timing parameters for the timer pin. The numbers 
shown in parentheses in Figure 13—32 correspond with those in the No. col- 
umn of Table 13-29. 


Figure 13-32. Timing for Timer Pin 


eo NF NS LF OT OT TT 


Peripheral 
Pin : 


Table 7 3-29. Timing Parameters for Timer Pin (Figure 13-32) 


TMS320C30-27 
TMS320C31-27 


tsu(TCLKH1L) | TCLK ext setup before H1 low TCLK ext 


th(TCLKH1L) | TCLK ext hold after H1 low Telket | oF | 
(3) | taToLKHiH) | H1 high to TCLK int valid delay TCLK int’ 


i ns 
(@) Precrecey —_| TOK eyo time reiked | eapast Ci nw 
ics Cor oeect roman re oes 


(5) | tw(TCLK) TCLK high/low pulse duration TCLK ext to(H)+12T 
TCLK int | [te(TCLK)/2]}-15 — [tevTCLKy2]+5 


Tt Guaranteed by design but not tested. 


+ Timing parameters 1 and 2 are applicable for a synchronous input clock. Timing parameters 4 and 5 are applicable for an 
asynchronous input clock. 
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TMS320C30-33 
TMS320C31-33 


(2) | thTCLKHIL) | TCLK ext hold after H1 low TcLKext}| Oo | 
ta(TCLKH1H) | H1 high to TCLK int valid delay TCLK int 


(4) | tocTCLk) TCLK cycle time TCLK ext to(H)x2.6T 
TCLK int to(H) x2 torHyxes2t | ns | 


(5) | twTcLk) TCLK high/low pulse duration TCLK ext 
TCLK int | fterToLKy2IH15 — [te(TOLKV2145 


Tt Guaranteed by design but not tested. 
+ Timing parameters 1 and 2 are applicable for a synchronous input clock. Timing parameters 4 and 5 are applicable for an 
asynchronous input clock. 


Table 13-29. Timing Parameters for Timer Pin (Figure 13-32) (Continued) 


TMS320C30-40 
Descriptiont 


ta(TCLKH1H) | H1 high to TCLK int valid delay TOLKint | ss—s—s—iS‘SCTY 


: 
ee le eae 


(4) 
(5) | tw(TCLk) TCLK high/low pulse duration —. TCLK ext to(H)+10T 
TCLK int [te(TCLKV2I-5 — [te(TCLK)/2]+5 


t Guaranteed by design but not tested. 
+ Timing parameters 1 and 2 are applicable for a synchronous input clock. Timing parameters 4 and 5 are applicable for an 
asynchronous input clock. 
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A Instruction Opcodes 


Appendix A 


Instruction Opcodes 


The opcode fields for all the TMS320C3x instructions are shown in Table A—1. 
Bits in the table marked with a hyphen are defined in the individual instruction 
description (see Chapter 11). Table A-1, along with the instruction descrip- 
tions, fully defines the instruction words. The opcodes are listed in numerical 
order. 


Table A-1. TMS320C 3x Instruction Opcodes 


Cine Po Popo ee pe 
Le OE OC Oe Ore Tao 
ee ee 
pt 


Aa 


Instruction Opcodes 


Table A-1. | TMS320C3x Instruction Opcodes (Continued) 


|_INsTRUCTION | 31 | 30 | 29 | 26 | 27 | 26 | 25 | 24 | 29 | 
a ae ae eee eee 
poe ee eee 
po foto po pi fifo ts ts 


ea 

| Rorc fo fo fol ft fo fol Tt Tt Jo | 

is ARTS = SO) Oh] | Oe 

fe OOS OO) a ot foo 

= OTR AO 20) 0) as [0 2 3) a 
STL 1 1 1 


| a oN ce 


A-2 . Instruction Opcodes 


Nusisinsotiintrigsieemssnse testa snseara mea tiascan state sumuiniaeetunltenicenamntenmanniatania, 


Table A-1. 


TMS320C3x Instruction Opcodes (Continued) 


Cinstaucrion [Si [so [% [2 [a [as lslul] 
Pisses fofol+fofo{+{ojol]o| 
wera 0 
[weve fo 
[ors io 
[Suess | 
[—suars_[o | 
p—suers[ 0 | 
S$ 


E 
E 
iS 


=| 


3 
)t 


ro 
cel 
ar 
ro 
oa 
ro 
ro 
7 
Fos 
Po 
ro 
[Re tIcond [0 | 
[RETScond [0 | 

1 

1 

1 

1 

1 

1 

1 

: 


MPYF3}|ADDF3 
MPYF3||SUBF3 


MPYI3]|ADDI3 


ce eee ab eeeeeckaua 


poe eeeeelee=<EEEEREEEEL 
paw-feeefee=<EEEEEE EEE: 
peeebee fee PEEEEPEEE EE 
pase eee PEEP PEPE 
bees beer eee CUO OU00 
ERE EPELE 


tT Opcode same for standard and delayed instructions. 
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Table A-1. 
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TMS320C 3x Instruction Opcodes (Concluded) 


[INSTRUCTION [3 | 30 


MPYI3||SUBI3 ra 


STFIISTF 
STI||STI 
LDF||LDF 
LDI|LDI 
ABSFI|STF 
ABSI||STI 
ADDF3\|STF 
ADDI3\|STI 
AND3||STI 
ASH3||STI 
FIX||STI 
FLOATI|STF 
wrist |i fafe{i}ijolo[- |. 
A A 
Pastas [a f+ [ols [+ts]o|-|-| 
[weve {1+ lo]+]1]+1|+|-|-| 
[weyers [1 11/1 ]o0[0]o]o | 
ro po 


NEGF||STF a 


Ee eles lo belle elle 


NEGI||STI 
NOT||STI 
OR3||STI 
SUBF3||STF 
SUBI3}|STI 
XOR3||STI 


Reserved for reset, 
traps, and interrupts 


Ee 
cm 
1 


Instruction Opcodes 
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Development Support/Part Order Informatio 


falta eta 


This appendix provides development support information, device part num- 

bers, and support tool ordering information for the TMS320C3x generation. 

Figure B—1 shows the software and hardware developmenttools available and 
Macro 


the development environment for the TMS320C3x. 
Source 
Lr On 
| 


Object Assembler 
Macro Files 
Library 


Source 
= 


Figure B-1. TMS320C3x Development Environment 


Assembler 
Source 


Library of 
Object 
Files 


Object Format 
Converter 


EPROM XDS 


B.1 TMS320C3x Development Support 


B-2 


Texas Instruments supplies extensive development support and complete 
documentation for the TMS320C3x generation of digital signal processors. TI 
also offers acomplete line of software and hardware tools (shown in Table B—2 
on page B-15) to supportin application development, evaluation of the proces- 
sor performance, algorithm implementations, and full integration of design 
modules. 


Software development tools include 


Cy TMS320C3x Macro Assembler/Linker 

Ci =TMS320C3x Optimizing ANSI C Compiler 
Ch TMS320C3x Simulator 

Ch SPOX (the TMS320C3x Operating System). 


Hardware development tools consist of 


[Cy TMS320C30 Evaluation Module (EVM) 

Gi TMS320C3x XDS500 Emulator 

Ci TMS320C30 XDS1000 Development System 

Li 1TMS320C30 Hewlett-Packard 64776 Analysis Subsystem 


The macro assembler/linker converts assembly language into executable ob- 
ject code. The TMS320C3x optimizing C compiler supports high-level lan- 
guage programming and is a full implementation of the standard ANSI C lan- 
guage. The simulator is a software program that simulates nonreal-time opera- 
tion of the TMS320C3x, allowing verification and monitoring of the state of the 
processor. : 


Both the TMS320C3x XDS500 Emulator and the TMS320C30 XDS1000 De- 
velopment Environment provide full-speed, in-circuit emulation for 
TMS320C3x system design and debug on the IBM PC/AT and compatible de- 
vices. The TMS320C3x XDS500 supports hardware and software debug of 
your target system. The TMS320C30 XDS1000 provides system needs from 
concept to prototype. !t includes the XDS500 Emulator Board and the 
TMS320C30 Application Board (a predefined sample target system that con- 
tains a TMS320C30). 


These hardware and software products are easy to use and offer the designer 
the tools needed to significantly reduce TMS320C3x system developmenttime 
and cost. 


A description of key features for each TMS320C3x development support tool 
is provided in the following subsections. For ordering information, see Section 
B.4. For detailed information on these tools, refer to TMS320 Family Develop- 
ment Support Reference Guide (literature number SPRU011B). Call the Cus- 
tomer Response Center at 800-336-5236 to request a copy. 
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TMS32003x De velopment Support 


B.1.1 Macro Assembler/Linker 


The TMS320C3x Macro Assembler/Linker is a software tool that converts 
source mnemonics to executable object code. Itis distinguished by these key 
features: 


C4 Macro capabilities and library functions 


Conditional assembly 


Ca 

Ci ~=Relocatable modules 

L4 Complete error diagnostics 
a 


Symbol table and cross-reference 


To address specific needs, the TMS320C3x Macro Assembler/Linker is 
shipped with four programs: 


1) The assembler translates assembly language source files into machine 
language object files. 


2) The archiver collects a group of files—object, source, or macros—into a 
single archive file. 


3) The linker combines object files into a single executable sce mode: 


4) The object format converter changes the object file into Intel, Tektronix, 
or Tl-tagged object format. The converted file can be downloaded to an 
EPROM programmer; the EPROM code can then be executed on the 
TMS320C3x device. 


The main purpose of this development process, shown in Figure B—1, is to pro- 
duce a module that can be executed in a system that contains a TMS320C3x 
device or the software or hardware development tools. 


The macro assembler/linker is currently available for PC/MS-DOS (versions 
3.0 and up) and OS/2, Macintosh MPW, VAX VMS, SUN-3, and SUN-4 UNIX 
operating systems. 


B.1.2 Optimizing ANSI C Compiler 


The Tl C compiler translates the widely used ANSI C language directly into 
highly optimized assembly code. This code is then assembled and linked using 
TI’s assembler/linker, which is shipped with the compiler. 


The C compiler provides for enhanced productivity by enabling the application 
designer to program in C, thus making code easier to prototype, debug, and 
benchmark. Furthermore, already existing code can be directly compiled and 
executed on a TMS320C38x. 
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TMSS2003x De velopment Support 


B-4 


The TMS320C3x Optimizing ANSI C Compiler is a full-featured C compiler. 
Compiler features include 


Cd 


i oe oe 2 


Complete and exact conformity to the ANSI C specification. 


Highly efficient code. The compiler incorporates state-of-the-art generic 
and target-specific optimizations. 


C programs that can be linked with assembly language routines, allowing 
hand coding of time-critical functions in TMS320C3x assembly language. 


ANSI-standard run-time library. 


A C shell program to facilitate one-step translation from C source to ex- 
ecutable code. 


A variety of listing files. 
Fast compilation to increase productivity. 
Complete and useful diagnostics (error messages). 


Validation with the de facto industry standard Plum Hall and Perennial vali- 
dation suites. 


Below are key optimizations performed by the compiler. 


Ci TMS320C3x-specific optimations 


@ Register variables 

Register tracking/targeting 
Cost-based register allocation 
Autoincrement addressing modes 
Repeat blocks 

TMS320C3x parallel instructions 
Conditional instructions 
TMS320C8x delayed branches 


General-purpose C optimizations 

mM Algebraic reordering/symbolic simplification/constant folding 
— Data flow optimizations 

H Copy propagation 

™ Common subexpression elimination 

@ Redundant assignment elimination 

@ Alias disambiguation 

@ Branch optimizations/controlled-flow simplification 

HM Loop induction variable optimizations/strength reduction 
mM Loop unrolling 

M Loop rotation 
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B.1.3 Simulator 


TMS320C3x De velopment Support 


ss eitcabstcnat ne enetn aici ON COON EMIS CONE CINE IE MIESDUILDLEDSEEOLU SCE NOLOLULENEELIOSIIESOEDIEEODEREIDEPPIMEEEODDCONELEOOSIPCUPELENELEDE DALLES IOC CDISESEMEINDIE OOOO SELOSEE SION PMS OMA ETS SEES 


& Loop-invariant code motion 
@ In-line expansion of run-time support library functions 


The compiler supports DEC VAX/VMS, IBM-PC with PC-DOS (versions 3.0 
and up) or OS/2 compatibles, Macintosh MPW, and SUN-3 and SUN-4 UNIX 
systems. 


The assembler/linker is included with the shipment of the C compiler. 


The TMS320C8x Simulator is a software program that simulates operation of 
the TMS320C3x. These key features make the simulator effective and flexible 
in TMS320C3x software development: 


[4 Simulation of the entire TMS320C3x digital signal processor instruction 
set 


Ly Simulation of the key TMS320C3x peripheral features (DMA, timers, and 
serial port) 


Ly Command entry either from menu-driven keystrokes (menu mode) er yvom 
a batch file (line mode) 


C4 Help menus for all screen modes 
C3 Standard interface that can be user customized 


C4 Quick storage and retrieval of simulation parameters from files to facilitate 
preparation for individual sessions 


{4 Reverse assembly that allows editing and reassembly of source state- 


ments 


G4 ~Memory contents that can be displayed in hexadecimal 32-bit values and 
assembled source at the same time. 


Ly Execution modes including smi step, until, while, for, and run to break- 
point or user halt. 


Ci Breakpoints 
C4 Simulation of cache utilization 
Gi ~=Cycle counting 


The simulator allows verification and monitoring of the state of the processor. 
Simulation occurs at thousands of instructions per second (VAX/VMS and 
SUN-3/SUN-4 UNIX) or hundreds of instructions per second (PC/MS-DOS). 


The user interface in the simulator is identical to that in the XDS. See 
Figure B—2 for an example. 
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TMS320C3x D 


pulldown —> 
menus 


62£00042. A | 2: cai1() function call 
19840001 SUBI 1, SP elds main() 
6a00000c | BU cal11+30 90xf0003c) | traceback 
disassembly —>|: 08510b02 LDI *_AR3 (2), IRO = “as 
di | ‘ 02£10003 - AND 3, IRO —WATCH - 00000007 
_ display 08282051 LDI @02051H, ARO 1:str.a 0 €—ttxs—ov00000 +— natural-format 
04£10003 CMPI 3, IRO 2: FO 1.000000e #{R4 00000003} | : 
51£10004 LDIHI 4, RO 3: color GREEN }}R5 00000000 data displays 
08484011 LDI *+ARO (IRO) , ARO a R6 00000000] 


FILE: sample. “-]R7 00000000]. 
052} a “2d ARO 00£00037}:: 
Ea wi) ARL 00008] :: 

00054 call (newvalue) aero 


AR2 00000000}: 
00055 int newvalue; 


‘ TARZ OOfOZ07G!: 
J] AR4 00000000}. 
:-.{ ARS 00000000 

AR6 00000000}: 
AR7 00000000}... 
‘TIRO 00000003}". 


00057 static int value = 0; 


00059 switch (newvalue & 3) 
eer 


00061 case 0 : str.a = newvalue ; break; 


C source 00062 case 1; st --DIsP: astr[(7]———~+ return BES renoRY ooro2076" ° 
display 00063 ease 2: st| a 123 4, bleaacoaaoepsece Tl 
case Sy aa ee Teak; "| £0207e 00£0002e 


3 


pisp astr(7] £44 £0207£ 00£0207c 
{0] 0- A} £02080 d363ae8a 
[1} 9 ; £02081 379d0aaa 


[2] 7 | £02081 379d0aaa/y.) — scrolling data 


6 
0x00£000 
re 


; £02083 9pfa3b3a|f_| displays with 
interactive —> £02084 fbéa2e2a eH | <——. ON-SCreen, 
: :| £02085 32bababa |" ' : 
command entry |||whatis str | ¢02086 Scbsaise | intelactive 
i A. struct tr: £02087 fabe&2a8 |.) iti : 
and history cl et fog se £02088 8ea99a24 1...” . iting 
window | jstep £02089 aeaaagal¥ 


Li :| £0208a 8ab705b5 


||P? ? 8 £0208b 52b9188c§° | 


The simulator currently supports PC/MS-DOS, VAX VMS, and VAX Ultrix oper- 
ating systems, and SUN-3 and SUN-4 UNIX systems. 


B.1.4 The TMS320C3x Operating System (SPOX) 


SPOX, developed by Spectron Microsystems Inc., is the industry’s first hard- 
ware-independent software base for a real-time DSP operating system. SPOX 
features a set of high-level C-callable software functions, which are indepen- 
dent of the underlying hardware platform, thus insulating real-time DSP appli- 
cations from many low-level system details. 


SPOX differs from other operating systems or real-time kernels (such as UNIX) 
just as the TMS320C3x differs from a general-purpose microprocessor: both 
SPOX and the TMS320C3x are application-specific. SPOX affords its users 
two important benefits: software productivity and application portability. 


Functional Components 


The SPOX software interface augments high-level programming languages 
like C by accessing a virtual DSP machine that consists of four functional com- 
ponents: 


1) DSP MATH furnishes application software with a rich set of operations 
used to manipulate vectors, matrices, and filters. 
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2) Hierarchical Memory Management gives the application explicit control in 
allocating data storage from different segments of system memory. 


3) Stream I/O presents a device-independent application interface used to 
input and outputs blocks of data from a variety of peripherals. 


4) Realtime Kernelprovides primitives for scheduling and synchronizing mul- 
tiple, prioritized tasks. 


Figure B-—3 illustrates the functional components of SPOX. 


Figure B-3. Internal SPOX Architecture 


Device i 
Drivers 


Memory Device 


Management Drivers 


Real-Time Kernel q 
Processor Memory Peripherals 


SPOX Product Offering 


The SPOX software interface is supported in different execution environments, 
Including Sun workstations, IBM personal computers, and VAX minicomput- 
ers. On these host systems, DSP application programs written in high-level 
languages such as C can be developed and debugged in familiar software en- 
gineering environments equipped with powerful tools and utilities. Afterward, 
these same programs can be recompiled with the TMS320C3x C compiler 
available for these same hosts, then benchmarked on the TMS320C8x soft- 
ware simulator for time and space using a version of SPOX designed specifi- 
cally for use with the TMS320C3x simulator or a hardware development sys- 
tem such as the XDS1000. 


Spectron also offers a SPOX Porting Kit. This product includes an unbundled 
version of SPOX, whose generic components can be configured for the specif- 
ic TMS320C3x application and integrated with system-dependent software 
(drivers, math functions, etc.) supplied by the developer. 


SPOX is currently packaged with the TMS320C3x XDS1000 Development En- 
vironment. For more information regarding SPOX, contact Spectron Microsys- 
tems at (805) 967-0503. 
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B.1.5 TMS320C3x Evaluation Module 


With the introduction of the TMS320C30 Evaluation Module (EVM), Texas In- 
struments has removed the cost barrier to evaluating and developing floating- 
point DSP applications. The TMS320C30 EVM is the first floating-point DSP 
tool that bridges the price-performance gap between software simulators and 
full-featured development platforms. 


Each EVM comes complete with a PC halfcard and software package. The 
EVM board contains 


[i One TMS320C30, a 33-MFLOP, 32-bit floating-point DSP 


Cy 16K-word zero-wait-state SRAM, allowing coding of most algorithms di- 
rectly on the board 


{3 A speaker/microphone-ready analog interface for multimedia, speech, 
and audio applications development 


Ci A multiprocessor serial port interface for connecting to multiple EVMs 
Ci =A host port for PC communications 


The system also comes with all the software required to begin applications de- 
velopment on a PC host. Equipped with a C and assembly language source 
level debugger for DSP, the EVM has a window-oriented, mouse-driven inter- 
face that enables the downloading, executing, and debugging of assembly 
code or C code. See subsection B.1.6, Emulator User Interface, for more infor- 
mation. 


The TMS320C3x Assembler/Linker is also included with the EVM. For users 
who prefer programming in a high-level language, an optimizing ANSI C com- 
piler and Ada compiler are offered separately. 


B.1.6 TMS320C3x Emulator — Extended Development System (XDS500 and 
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XDS1000) 


The TMS320C3x XDS500 and XDS1000 Emulators are user-friendly, PC- 
based development systems, which provide all the features necessary to per- 
form full-speed in-circuit emulation with the TMS320C3x. These emulators al- 
low you to develop software and hardware and to integrate the software and 
hardware with the target system. A revolutionary scan path interface gives con- 
trol and access to every memory location and register of the TMS320C3x. Key 
features of the TMS320C3x emulators include 


C4 ~=no cable length/transmission problems, 
Ci anonintrusive system, 


{4 no loading problems on signals, 
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no artificial memory limitations, 
a common screen interface for ease of use, 


easy installation, 


Doo 2 


in-system emulation, 
Ci no variance from data sheet. 


Full-speed execution and monitoring of the target system is performed by the 
4-wire interface or scan path via a 12-pin target connector. This scan path con- 
trols the TMS320C3x in the target application and provides access to all the 
registers as well as to internal and external memory of the device. Since pro- 
gram execution takes place on the TMS320C3x in the target system, there are 
no timing differences during emulation. This new design offers significant ad- 
vantages over traditional emulators: 


no cable length/transmission problems, 

a nonintrusive system, 

no loading problems on signals, 

no artificial memory limitations, 

a common screen interface for ease of use, 
easy installation, 


in-system emulation, 


i ee ee ee ee ee 


no variance from data sheet. 


The 12-pin target connector allows for emulation of multiprocessing applica- 
tions. For example, if five TMS320C3xs exist on one board, as shown in 
Figure B-4, each device is emulated by simply moving the 12-pin target con- 
nector from one TMS320C3x connector to the next. Real-time emulation is still 
maintained, and the information of each processor is preserved. 


Figure B-4, Multiprocessing Emulation 


TMS320C3x TMS320C3x TMS320C3x TMS320C3x TMS320C3x 


12-Pin Connectors 


TMS320C3x Development Support 
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The TMS320C3x XDS1000 is a full-speed emulator that comes with a prebuilt 
target system for early design development. The TMS320C3x XDS1000 can 
help debug hardware in real time, debug software in real time, and integrate 
the hardware and software together. 


The XDS500 and XDS1000 are available on an IBM PC/AT or compatible ma- 
chine with 640K of memory running PC/MS-DOS. The XDS500 is shipped with 
the macro assembler/linker. The XDS1000 is shipped with the optimizing C 
compiler, macro assembler/linker, and SPOX. 


Emulator User Interface 


Included with the XDS500 and XDS1000 systems is the C/assembly source 
debugger and a new menu-, mouse-, and window-oriented environment that 
is the standard for all TMS320 DSP interfaces. The user-friendly, state-of-the- 
art interface is flexible and easily customized for color display or monochrome 
monitors. Its features include 


Ck Fields that can be edited through the point-and-click capability of the 
mouse. 


[4 Menus that provide a quick and easy alternative to the keyboard. 


C4 ~Resize and drag capabilities that allow you to define window size and loca- 
tion and to view as much information as you need. 


Ci ~=Smart displays that reconfigure the format of displayed data to fit window 
size and shape. 


Highlighted fields whenever program execution changes the field values. 


ae 


A command that allows you to save the screen configurations. 


{4 Eight types of windows for debugging and configuring an environment. 
The windows can be in one of the modes described above or can be in any 
user-defined combination of up to 120 windows. The windows provided 
are the same as the simulator, shown in Figure B—2, and include 


a) Command Window for entering commands and displaying output | 
and error messages. 


b) Memory Window for displaying, viewing, and editing contents of 
memory. 


c) Disassembly Window for displaying disassembled code. 
d) File Window for displaying the contents of any text file. 
e) CPU Window for displaying, viewing, and editing the CPU registers. 


f) Calls Window for oisPiayng the current function call thata C program 
has made. 
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g) Watch Window for displaying values of selected variables, registers, 
or other C expressions. 


h) Display Windows for displaying all field elements of a selected struc- 
ture or array. 


B.1.7 Hewlett-Packard 64700 Analysis Subsystem 


The HP 64700 TMS320C30 Analysis Subsystem is an analysis tool that can 
be used with the TMS320C30 XDS500/1000 emulators to capture 
TMS320C30 bus cycle information in real time. The subsystem collects trace 
samples during a bus cycle. and stores them into a trace buffer, which can be 
viewed for analysis and debugging. 


An enhanced version of the Tl user-friendly, windowed C/Assembly Source 
Level Debugger (the current emulator interface) is included with the subsys- 
tem. The debugger’s basic feature set has been extended with additional win- 
dows and commands to provide access to the logic lates capabilities of the 
subsystem. 


The analysis subsystem features are integrated into the window-driven C/as- 
sembly source debugger. This means the current TMS320C30 developer does 
not need to learn a new interface or new software to take advantage of the sub- 
system’s enhanced feature set. The interface utilizes the debugger’s symbol 
table information so that trace information can be displayed in either assembly, 
C, or both simultaneously, further reducing debug time. 


The key features of the HP 64700 Subsystem include 
Hardware breakpoints 

Selectable tracing on the primary or sveancion bus 
Up to 1024-deep trace buffer 

Two-deep prestore buffer 

Flexible triggering 

Complete timing analysis 


Comprehensive display 
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Action on external signals 


er 
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B.1.8 TMS320 Third Parties 


The TMS320 family is supported by product and service offerings from more 
than 100 independent vendors and consultants, known as third parties. These 
support products take various forms (both software and hardware) from cross- 
assemblers, simulators, and DSP utility packages to logic analyzers and emu- 
lators. The expertise of those involved in support services ranges from speech 
encoding and vector quantization to software/hardware design and system 
analysis. 


For a more detailed description of services and products offered by third par- 
ties, referto the 7MS320 Third Party Support Reference Guide (literature num- 
ber SPRU052). Call the Customer Response Center at 800-336-5236 to re- 
quest a copy. 
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B.2 TMS320 Literature/DSP Hotline/Bulletin Board Services 


Extensive DSP documentation is available; this includes data sheets, user’s 
guides, and application reports. In addition, DSP textbooks that aid research 
and education have been published by Prentice-Hall, John Wiley and Sons, 
and Computer Science Press. To order literature or to subscribe to the DSP 
newsletter “Details on Signal Processing” (for up-to-date information on new 

' products and services), call the Tl Customer Response Center (CRC) at (800) 
336-5236. 


For answers to TMS320 technical questions on device problems, development 
tools, documentation, upgrades, and new products, call the Tl DSP Hotline at 
(713) 274-2320 Monday-Friday from 8:00 a.m. to 6:00 p.m. central time. To 
ask about third-party applications and algorithm development packages, con- 
tact the third party directly. Refer to the 7MS320 Third-Party Support Refer- 
ence Guide (SPRU052) for addresses and phone numbers. 


For information on 

TMS320 devices, 

Specification updates for current or new devices and development tools, 
Development tool and silicon revisions and enhancements, 


New DSP application software as it becomes available, and 


oid efd @ 


Source code from the TMS320C3x User’s Guide, 


call the TMS320 DSP Bulletin Board Service (BBS). You can access this tele- 
phone-line computer service by dialing (713) 274-2323 on a 300-, 1200-, or 
2400-bps modem. To find out more about the BBS, lookin the 7MS320 Family 
Development Support Reference Guide (literature number SPRUO11B). 


Contact the nearest T! Field Sales Office for prices and availability of TMS320 
devices and support tools. See the list of sales offices and distributors at the 
end of this book. 
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B.3 Technical Training Organization (TTO) TMS320 Workshops 


To register, contact the nearest TI RTC. A 15-percent discount is available 
when three or more engineers from the same company enroll in the same work- 
shop. To enroll, call 800-336-5236, ext. 3904. 


B.3.1 TMS320C3x Design Workshop 


hoodoo d a 


The TMS320C3x DSP Design Workshop is tailored for hardware and software 
design engineers and decision-makers who will be designing and utilizing the 
TMS320C3x generation of DSP devices. Hands-on exercises throughout the 
course give the designer a rapid start in utilizing TMS320C3x design skills. Mi- 
croprocessor/assembly language experience is required. Experience with dig- 
ital design techniques and C language programming experience is desirable. 
These topics are covered in the TMS320C3x workshop: 


[Cy =TMS320C3x architecture/instruction set 

Use of the PC-based TMS320C3x software simulator and EVM 
Floating-point and parallel operations | 

Use of the TMS320C3x assembler/linker 

C programming environment 

System architecture considerations 

Memory and I/O interfacing 


TMS320C3x development support 
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B.4 TMS320C3x Part Order Information 


This section provides the device and support tool part numbers. Table B—1 lists 
the part numbers for the TMS320C30 and TMS320C31, and Table B—2 gives 
ordering information for TMS320C3x hardware and software support tools. An 
explanation of the TMS320 family device and development support tool prefix 
and suffix designators follows the two tables to assist in understanding the 
TMS320 product numbering system. 


Table B-1. TMS320C3x Digital Signal Processor Part Numbers 


ee [Sees [er 
Device Technology Frequency Type Dissipation 


Mes e0CSOGBM25.-) 4.04in CMOS Ceramic 181-pin PGA 1.00 W 
Su eecey Mes | eae or Ceramic 196-pin QFP 1.00 W 
SMJ320C30HTM28 P ; 
ont sebbeoee Me): |). 4.0: GMOs Ceramic 181-pin PGA 1.00 W 
beac yeah as 25MHz | or Ceramic 196-pin QFP 1.00 W 
SMJ320C30HTM25 P 


Table B-2. TMS320C3x Support Tool Part Numbers 


Too! Description _ Operating System Part Number 
Software 


VAXVMS TMDS3243255-08 
PC-DOS/MS-DOS TMDS3243855-02 
SUNUNIX T TMDS3243555-08 
VAX Ultrix TMDS3243265-08 
MAC-MPW TMDS$3243565-01 


Evaluation Module (EVM) PC-DOS/MS-DOS TMDX3260030 
HP Trace Analyzer PC-DOS/MS-DOS TMDX326HP30 


tT Note that SUN UNIX supports TMS320C3x software tools on the 68000 family-based SUN-3 series 
workstations and on the SUN-4 series machines that use the SPARC processor, but not on the 
SUN-386i series of workstations. 

+ SPOxX is currently packaged with XDS1000 Development Environment. 


C Compiler & Macro Assembler/ Linker 
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Table B-2. 


TMS320C3x Support Tool Part Numbers (Concluded) 


Tool Description Operating System | 
Software (Concluded) 


Macro Assembler/Linker VAX VMS TMDS3243250-08 

PC-DOS/MS-DOS; OS/2 TMDS3243850-02 
SUNUNIX T TMDS3243550-08 
MAC-MPW TMDS3243560-01 


Operating System (SPOX) PC-DOS/MS-DOSF Offered by Spectron 
Inc. (805) 967-0503 


Simulator VAX VMS TMDS3243251-08 
PC-DOS/MS-DOS TMDS3243851-02 
SUN UNIXT TMDS3243551-09 


Hardware 


XDS500 Emulator PC/MS-DOS TMDS3260131 
XDS1000 Development Environment PC/MS-DOS TMDS3261030 


t Note that SUN UNIX supports TMS320C3x software tools on the 68000 family-based SUN-3 se- 
ries workstations and on the SUN-4 series machines that use the SPARC processor, but not on 
the SUN-386i series of workstations. 

+ SPOX is currently packaged with XDS1000 Development Environment. 


B.4.1 Device and Development Support Tool Prefix Designators 


Prefixes to Texas Instruments’ part numbers designate phases in the product’s 
development stage for both devices and support tools, as shown in the follow- 
ing definitions: 


Device Development Evolutionary Flow: 


TMX = Experimental device that is not necessarily representative of the final 
device's electrical specifications. 


TMP _ Final silicon die that conforms to the device’s electrical specifications 
but has not completed quality and reliability verification. 


TMS — Fully qualified production device. 
Support Tool Development Evolutionary Flow: 


TMDX Development support product that has not yet completed Texas Instru- 
ments’ internal qualification testing for development systems. 


TMDS Fully qualified development support product. 


TMX and TMP devices and TMDX development support tools are shipped with 
the following disclaimer: 


“Developmental product is intended for internal evaluation purposes.” 
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Note: Prototype Devices 


Texas Instruments recommends that prototype devices (TMX or TMP) not be 
used in production systems because their expected end-use failure rate is 
undefined but predicted to be greater than standard qualified production de- 
vices. 
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TMS devices and TMDS development support tools have been fully character- 
ized, and their quality and reliability have been fully demonstrated. Texas In- 
struments’ standard warranty applies to TMS devices and TMDS development 
support tools. 


TMDX development support products are intended for internal evaluation pur- 
poses only. They are covered by Texas Instruments’ Warranty and Update 
Policy for Microprocessor Development Systems products; however, they 
should be used by customers only with the understanding that they are devel- 
opmental in nature. 


B.4.2 Device Suffixes 


The suffix indicates the package type (e.g., N, FN, or GB) and temperature 
range (e.g., L). 


Figure B—5 presents a legend for reading the complete device name for any 
TMS320 family member. 


Figure B-5. TMS320 Device Nomenclature 
TMS 320 C 30 GB 


L 
Prefix _ L 


Temperature Range 


TMX= Experimental Device H = 0 to 50°C 
TMP= Prototype Device L = Oto 70°C 
TMS= Qualified Device S = -55 to 100°C 
SMJ = MIL-STD-883C M= -55 to 125°C 
; A = -40 to 85°C 
Device Family Package Type 
320 = TMS320 Family N= Plastic DIP 
JD = Ceramic DIP Side-Brazed 
Technology FN = Plastic Leaded CC 
C = CMOS GB = Ceramic PGA 
E = CMOS EPROM FJ = Ceramic Leaded CC 
No Letter = NUOS FD = Leadless Ceramic CC 
FZ = Ceramic Leaded CC 
GE = Ceramic PGA, Glass Seal 
Device HU = Ceramic quad flatpack 
1st-generation DSP: HT = Ceramic quad flatpack 
10 (gull wing) 
14 PQ = Plastic quad flatpack 
15 
16 
17 
2nd-generation DSP: 
20 
25 
26 
3rd-generation DSP: 
30 
31 
4th-generation DSP: 
40 
5th-generation DSP: 
50 
51 
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C Quality and Reliability 


Chapter C 


Quality and Reliability 


The quality and reliability of Texas Instruments microprocessor and 
microcontroller products, which include TMS320 digital signal processors, re- 
lies on feedback from 


[3 Ourcustomers, 


£4 Our total manufacturing operation from front-end water fabrication to final 
shipping inspection, and 


(3 Product quality and reliability monitoring. 


Our customer’s perception of quality is the governing criterion for judging per- 
formance. This concept is the basis for Texas Instruments Corporate Quality 
Policy, which is as follows: 


“For every product or service we offer, we shall define the requirements that 
solve the customer’s problems, and we shall conform to those requirements 
without exception.” 


Texas Instruments has developed a leadership reliability qualification system, 
based on years of experience with leading-edge memory technology and on 
years of research into customer requirements. In order to achieve constant im- 
provement, programs that support that system respond to customer input and 
internal information. 
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C.1 Reliability Stress Tests © 


Accelerated stress tests are performed on new semiconductor products and 
process changes in order to qualify them and to ensure excellence in product 
reliability. These test environments are typical: 


Ci High-temperature operating life 
Storage life 

Temperature cycling 

Biased humidity 

Autoclave 

Electrostatic discharge 
Package integrity 


Electromigration 


DBoveododgovao a 


Channel-hot electrons (performed on geometries less than 2.0 um). 


Typical events or changes that require internal requalification of a product in- 
clude 


L4 New die design, shrink, or layout 


Ck Wafer process (baseline/control systems, flow, mask, chemicals, gases, 
dopants, passivation, or metal systems) 


Ci Packaging assembly (baseline control systems or critical assembly equip- 
ment) 


C4 Piece parts (such as lead frame, mold compound, mount material, bond 
wire, or lead finish) 


Ci =Manufacturing site 


Tl reliability control systems extend beyond qualification. Total reliability con- 
trols and management include product reliability monitoring as well as final 
product release controls. MOS memories, utilizing high-density active ele- 
ments, serve as the leading indicator in wafer-process integrity at TI MOS fabri- 
cation sites, enhancing all MOS logic device yields and reliability. Tl places . 
more than several thousand MOS devices per month on reliability tests to en- 
sure and sustain built-in product excellence. 


Table C—1 lists the microprocessor and microcontroller reliability tests, the du- 
ration of the test, and sample size. Definitions and descriptions of those tests 
precede the table. 
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AQQ (Average Outgoing Quality) Amountof defective product in a population, usually 


FIT (Failure In Time) 


Operating Lifetest 


High-Temperature Storage 


Biased Humidity 


Autoclave (Pressure Cooker) 


Temperature Cycle 


Electrostatic Discharge 


Thermal Shock 


PIND(Particle Impact Noise 
Detection) 


Mechanical Sequence: 


Fine and gross leak 
Mechanical shock 


PIND (optional) 


expressed in terms of parts per million (PPM). 
Estimated field failure rate in number of failures per 
billion power-on device hours; 1000 FITS equal 0.1 
percent failure per 1000 device hours. 


Device dynamically exercised at a high ambient 
temperature (usually 125 °C) to simulate field 
usage that would expose the device to a much lower 
ambient temperature (such as 55 °C). Using a 
derived high temperature, a 55°C ambient failure 
rate can be calculated. 


Device exposed to 150 °C unbiased condition. 
Bond integrity is stressed in this environment. 
Moisture and bias used to accelerate corrosion- 
type failures in plastic packages. Conditions include 
85 °C ambient temperature with 85 percent relative 
humidity (RH). Typical bias voltage is +5 V and is 
grounded on alternating pins. 


Plastic-packaged devices exposed to moisture at 
121 °C using a pressure of one atmosphere above 
normal pressure. The pressure forces moisture 
permeation of the package and accelerates corro- 
sion mechanisms (if present) on the device. Exter- 
nal package contaminants can also be activated 
and caused to generate inter-pin current leakage 
paths. 


Device exposed to severe temperature extremes in 
an alternating fashion (—65 °C for 15 minutes and 
150 °C for 15 minutes per cycle) for at least 1000 
cycles. Package strength, bond quality, and consis- 
tency of assembly process are tested in this envi- 
ronment. 


Device exposed to electrostatic discharge pulses. 
Calibration is according to MIL STD 883C, method 
3015.6. Devices are stressed to determine failure 
threshold of the design. 


Test similar to the temperature cycle test, but involv- 

ing a liquid-to-liquid transfer, per MIL-STD-883C, 
fethod 1011. 

A nondestructive test to detect loose particles 

inside a device cavity. 


Per MIL-STD-883C, Method 1014 
Per MIL-STD-883C, Method 2002, 
1500 g, 0.5 ms, Condition B 

Per MIL-STD-883C, Method 2020 - 
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Reliabiliy Stress Tests 


Vibration, variable frequency Per MIL-STD-883C, Method 2007, 


Constant acceleration 


Fine and gross leak 
Electrical test 


Thermal Sequence: 
Fine and gross leak 
Solder heat (optional) 
Temperature cycle 

(10 cycles minimum 
Thermal shock 
(10 cycles minimum) 
Moisture resistance 
Fine and gross leak 
Electrical test 


Thermal/Mechanical Sequence: 


Fine and gross leak 

Temperature cycle 
(10 cycles minimum) 

Constant acceleration 


Fine and gross leak 
Electrical test 
Electrostatic discharge 
Solderability 

Solder heat 

Salt atmosphere 

Lead pull 

Lead integrity 


Electromigration 


Resistance to solvents 


20 g, Condition A 

Per MIL-STD-883C, Method 2001, 
20 kg, Condition D, Y1 Plane min 

Per MIL-STD-883C, Method 1014 
To data sheet limits 


Per MIL-STD-883C, Method 1014 
Per MIL-STD-750C, Method 1014 
Per MIL-STD-883C, Method 1010, 
— 65 to + 150 °C, Condition C 

Per MIL-STD-883C, Method 1011, 
— 55to +125 °C, Condition B 

Per MIL-STD-883C, Method 1004 
Per MIL-STD-883C, Method 1014 
To data sheet limits 


Per MIL-STD-883C, Method 1014 
Per MIL-STD-883C, Method 1010, 
— 65to +150 °C, Condition C 

Per MIL-STD-883C, Method 2001, 
30 kg, Yi Plane 

Per MIL-STD-883C, Method 1014 
To data sheet limits 

Per MIL-STD-883C, Method 3015 
Per MIL-STD-883C, Method 2033 
Per MIL-STD-750C, Method 2031, 
10 sec 

Per MIL-STD-883C, Method 1009, 
Condition A, 24 hrs min 

Per MIL-STD-883C, Method 2004, 
Condition A 

Per MIL-STD-883C, Method 2004, 
Condition B1 


Accelerated stress testing of conductor 
patterns to ensure acceptable lifetime of 


power-on operation 
Per MIL-STD-883C, Method 2015 
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Reliability Stress Tests 
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Table C—1. Microprocessor and Microcontroller Tests 


Test Duration Sample Size 
Plastic Ceramic 


Operating life, 125 °C, 5.0 V 1000 hrs 129 129 


[Biased 5 Cres percent AH 50V | 1000s | 7S ——*d 
[Temperature eyele, 010 125°C | 0000 _| 


| Electrostatic discharget2kv | |S 18 
FLatch-up (CMOS devices ony [| 8S 
[Mechanicalsequence Si] SC*dC 
Thermalsequence | 
Tthermavmechanicalsequence [|= 
we 
Vintemalwatervapor SCC 
| 


Resistance to solvents 
Lead integrity 15 15 


Lead pull 


Thermal impedance 


T If junction temperature does not exceed plasticity of package. 
+ For severe environments; reduced cycles for office environments. 
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Table C—2 lists the TMS320C3x devices, the approximate number of transis- 
tors, and the equivalent gates. The numbers have been determined from de- 
sign verification runs. 


Table C-2. TMS320C3x Transistors 


a 
CMOS: TMS320C30 600K — 700K 
CMOS: TMS320C31 500K — 600K 100K 


Note: 


Texas Instruments reserves the right to make changes in MOS Semiconduc- 
tor test limits, procedures, or processing without notice. Unless prior ar- 
rangements for notification have been made, TI advises all customers to re- 
verify current test and manufacturing conditions prior to relying on published 


data. 
_———— ee ees | 
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Appendix D 
Calculation of TMS320C30 Power Dissipation 


The TMS320C30 is a state-of-the-art, high-performance, 32-bit floating-point 
DSP microprocessor fabricated in CMOS technology. This device is the first 
member of the third generation of TMS320 family single-chip DSP micropro- 
cessors. Since 1982 when the first-generation TMS32010 was introduced, the 
TMS320 family has established itself as the industry standard for digital signal 
processing. The TMS320C30’s innovative architecture and specialized in- 
struction set provide high speed and increased flexibility for DSP applications. 
This combination makes it possible to execute up to 40 MFLOPS (million float- 
ing point operations per second). 


As device sophistication and levels of integration increase with evolving semi- 
conductor technologies, actual levels of power dissipation vary widely and de- 
pend heavily on the particular application in which the device is used and the 
nature of the program being executed. In addition, due to the inherent charac- 
teristics of CMOS technology, power requirements vary according to clock 
rates and data values being processed. 


This application report presents the information necessary to determine 
TMS320C30 power supply current requirements under different operating 
conditions. With this information, you can determine the power dissipation for 
the device, which, in turn, you can use to calculate thermal management re- 
quirements. 


The major topics discussed in this application report are as follows: 
Ci Fundamental Power Dissipation Characteristics 

™ Components of Power Supply Current Requirements 

m™ Dependencies 

mM Test Setup Description 
Ci Current Requirement of Internal Circuitry 

™ Quiescent 

@ Internal Operations 

@ Internal Bus Operations 


La Current Requirement of Output Driver Circuitry 
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Primary Bus 
Expansion Bus 
Data Dependency 


Capacitive Load Dependence 


C4 Calculation of Total Supply Current 


Combining Supply Current Due to All Components 


Supply Voltage, Operating Frequency, and Temperature Dependen- 
cies 


Design Equation 
Peak Versus Average Current 


Thermal Management Considerations 


Gi ~=Example Supply Current Calculations 


Calculation of TMS320C30 Power Dissipation 


D.1 Fundamental Power Dissipation Characteristics 


Typically, an IC’s (integrated circuit) power specification is expressed as a 
function of operating frequency, supply voltage, operating temperature, and 
output load. As devices become more complex, the specification must also be 
based on device functionality. CMOS devices inherently draw current only dur- 
ing switching through the linear region. Therefore, the power supply current is 
related to the rate of switching. Furthermore, since the output drivers of the 
TMS320C30 are specified to drive DC loads, the power supply current result- 
ing from external writes depends not only on switching rate but also on the val- 
ue of data written. 


D.1.1 Components of Power Supply Current Requirements 


There are four basic components of the power supply current: 
C4 Quiescent 

{4 Internal Operations 

{4 Internal Bus Operations — 


fi External Bus Operations 


D.1.2 Dependencies 


The power supply current consumption depends on many factors. Four are 
system related: 


Ci Operating frequency 

Ci Supply voltage 

Ci Operating temperature 

- {i Output load 

and several others are related to TMS320C30 operation: 
Duty cycle of operations 

Number of buses used 

Wait states 


Cache usage 


oooo gg 


Data value 


The total power supply current for the device is described in an equation apply- 
ing the four basic power supply current components and the dependencies de- 
scribed above. This equation is as follows: 
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[ = (Ia + hops + linus + tous) X FV X T 


where 
lg is the quiescent current component, 
lops is the current component due to internal operations, 


lbus isthe current component due to internal bus usage including data value 
and cycle time dependencies, 


bus 1s the current component due to external bus usage including data 
value, wait state, cycle time, and capacitive load dependencies, 


FV _ is ascale factor for frequency and supply voltage, and 
T is a scale factor for operating temperature. 


Application of this equation and determination of all the dependencies are de- 
~ scribed in detail in this application report. 


While this document explains, in detail, how to determine the power supply cur- 
rent requirement for the TMS320C30, if a less detailed analysis is sufficient, 
the minimum, typical, and maximum values can be used to determine a rough 
estimate of the power supply current requirements. The minimum power sup- 
ply current requirement is 110 mA. The typical and average current consump- 
tion is 250 mA as described in the TMS320C30 data sheet and will be asso- 
ciated with most algorithms running on the device unless excessive data out- 
put is being performed. 


If an extremely conservative approach is desired, the maximum value can be 
used. 
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Figure D-1, Current Measurement Test Setup 


CY7C186-25PC 


Tektronix 
Current Probe 
(P6042) 


2.15 V 


TMS320C30 


Primary Expansion 


D.1.3 Determining Algorithm Partitioning 


Each part of an algorithm behaves differently, depending on its internal and ex- 
ternal bus usage. To analyze the power supply current requirement, you must 
partition an algorithm into segments with distinct concentrations of internal or 
external bus usage. The analysis that follows is applied to each distinct pro- 
gram segment to determine the power supply current requirement for that sec- 
tion. The average power supply current requirement can then be calculated 
from the requirements of each segment of the algorithm. 


D.1.4 Test Setup Description 


All TMS320C30 supply current measurements were performed on the test set- 
up shown in Figure D—1. The test setup consists of a TMS320C30, 8K of zero 
wait-state Cypress Semiconductor SRAMs (CY7C186-—25PC), and RC loads 
onalldata and address lines. A Tektronix Current Probe (P6042) measures the 
power supply current in all Vpp lines of the device. The supply voltage on the 
output load is 2.15 V. Unless otherwise specified, all measurements are made 
at a supply voltage of 5.0 V, an input clock frequency of 33 MHz, a capacitive 
load of 80 pF, and an operating temperature of 25°C. 
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D.2 Current Requirement of Internal Circuitry 


D.2.1 Quiescent 


The power supply current requirement for internal circuitry consists of three 
components: quiescent, internal operations, and internal bus operations. 
Quiescent and internal operations are constants, but the internal bus opera- 
tions component varies with the rate of internal bus usage and the data values 
being transferred. 


Quiescent refers to the baseline supply current drawn by the TMS320C30 dur- 
ing minimal internal activity, such as executing the IDLE instruction or branch- 
ing to self. It includes the current required to fetch an instruction from on- or 
off-chip memory. The quiescent requirement for the TMS320C30 is 110 mA. 
Examples of quiescent current include: 


C4 =Maintaining timers and serial ports 

Executing the IDLE instruction 

TMS320C30 in HOLD mode pending external bus access 
TMS320C30 in reset 


Uo 2 @ 


Branching to self 


D.2.2 Internal Operations 
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Internal operations are those that require more current than quiescent activity 
but do notinclude external bus usage or significant internal bus usage. Internal 
operations include register-to-register multiplication, ALU operations, and 
branches. They add a constant 55 mA above the quiescent so that the total . 
contribution of quiescent and internal operations is 165 mA. Note, however, 
that internal and/or external bus operations executed via an RPTS instruction 
do not contribute an internal operations power supply current component and 
hence do not add 55 mA to quiescent current. During an instruction in RPTS, 
activity other than the instruction being repeated is suspended; therefore, pow- 
er supply current is related only to the operation performed by the instruction 
being executed. The next contributing factor to the power supply current re- 
quirement is internal bus operations. 
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D.2.3 Internal Bus Operations 


The internal bus operations include all operations that utilize the internal buses 
extensively, such as accessing internal RAM every cycle. No distinction is 
made between internal reads (such as instruction or operand fetches from in- 
ternal ROM or internal RAM banks) and internal writes (such as operand stores 
to internal RAM banks), because internally they are equal. Significant use of 
internal buses adds a term to the power supply current requirement thatis data 
dependent. Recall that switching requires more current. Hence, moving 
changing data at high rates requires higher power supply current. 


Pipeline conflicts, use of cache, fetches from external wait-state memory, and 
writes to external wait-state memory all effect the internal and external bus 
cycles of an algorithm executing on the TMS320C30. Therefore, the internal 
bus usage of the algorithm must be determined.in order to accurately calculate 
power supply current requirements. The TMS320C30 software simulator and 
XDS emulator both provide benchmarking and timing capabilities that allow 
bus usage to be determined. . 


The current resulting from internal bus usage varies roughly exponentially with 
transfer rates. Figure D—2 shows internal bus current requirements for trans- 
ferring alternating data (AAAAAAAAh to 55555555h) at several transfer rates 
(expressed as the transfer cycle time). A transfer rate less than one implies 
multiple accesses per single H1 cycle (that is, using DMA, etc.). Transfer cycle 
times greater than one refer to single-cycle transfers with one or more cycles 
between them. The minimum transfer cycle time is one third, which corre- 
sponds to three accesses in a single H1 cycle. 


The data set AAAAAAAAR to 55555555h exhibits the maximum current for 
these types of operations. Less current is required for transferring other data 
patterns, and current values may be derated accordingly as described later in 
this subsection. 


As the transfer rate decreases (that is, transfer cycle time increases) the incre- 
mental Ipp approaches 0 mA. Transfer rates corresponding to more than 7 H1 
cycles do not add any current and are considered insignificant. This figure rep- 
resents the incremental Ipp due to internal bus operations and is added to 
quiescent and internal operations current values. 


For example, the maximum transfer rate corresponds to three accesses every 
cycle or one-third H1 transfer cycle time. At this rate, 85 mA is added to the 
quiescent (110 mA) and internal operation (55 mA) current values for a total 
of 250 mA. 
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Current Requirement of Internal Circuitry 


Figure D-2. Internal Bus Current Versus Transfer Rate 
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Internal Bus Rate of Transfer Analysis [As/5s] 


Incremental Ipp (mA) 


Transfer Cycle Time (H1 Cycles) 


Figure D-2 shows the internal bus current requirement when transferring As 
followed by 5s for various transfer rates. Figure D—3 shows the data depen- 
dence of the internal bus current requirement when the data is other than As 
followed by 5s. The trapezoidal region bounds all possible data values trans- 
ferred. The lower line represents the scale factor for transferring the same 
data. The upper line represents the scale factor for transferring alternating data 
(all Os to all Fs or all As to all 5s, etc.). . 


Since the possible permutations of data values is quite large, the extent to 
which data varies is referred to as relative data complexity. This term repre- 
sents a relative measure of the extent to which data values are changing and 
the extent to which the number of bits are changing state. Therefore, relative 
data complexity ranges from 0, signifying minimal variation of data, to a nor- 
malized value of 1, signifying greatest data variation. 


If a statistical knowledge of the data exists, Figure D—3 can be used to deter- 


~ mine the exact power supply requirement based on internal bus usage. For ex- 


ample, Figure D-3 indicates a 63% scale factor when all Fs are moved inter- 
nally every cycle with two accesses per cycle. This scale factor is multiplied by 
55 mA (from Figure D—2, at one-half H1 cycle transfer time), yielding 34.65 mA 
because of internal bus usage. Therefore, an algorithm running under these 
conditions requires about 200 mA of power supply current (110 + 55 + 34.65). 


Since a Statistical knowledge of the data may not be readily available, a nomi- 
nal scale factor may be used. The median between the minimum and maxi- 
mum values at 50% relative data complexity yields a value of 0.80 and can be 
used as an estimate of a nominal scale factor. Therefore, this nominal data 
scale factor of 80% can be used for internal bus data dependency, adding 44 
mA to 110 mA (quiescent) and 55 mA (internal operations) to yield 210 mA. As 
an upper bound, assume worst case conditions of three accesses of alternat- 
ing data every cycle, adding 85 mA to 110 mA (quiescent) and 55 mA (internal 
operations) to yield 250 mA. 
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Figure D-3. Internal Bus Current Versus Data Complexity Derating Curve 
Internal Bus Data Dependency 


Normalized Ipp 


02 03 04 O85 


Relative Data Complexity 
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D.3 Current Requirement of Output Driver Circuitry 


The output driver circuits on the TMS320C30 are required to drive significantly 
higher DC and capacitive loads than internal device logic. Therefore, they are 
designed to drive larger currents than internal devices. Because of this, output 
drivers impose higher supply current roauirements. than other sections of cir- 
cuitry on the device. 


Accordingly, the highest values of supply current are exhibited when external 
writes are being performed at high speed. During reads, or when the external 
buses are not being used, the TMS320C30 is not driving the data bus; this elim- 
inates the most significant component of output buffer current. Furthermore, 
in typical cases, only a few address lines are changing, or the whole address 
bus is static. Under these conditions, an insignificant amount of supply current 
is consumed. Therefore, when no external writes are being performed or when 
writes are performed infrequently, current due to output buffer circuitry can be 
ignored. 


When external writes are being performed, the current required to supply the 


‘ output buffers depends on several different considerations. As with internal 


bus operations, current required for output drivers depends on the data being 
transferred and the rate at which transfers are being made. Additionally, output 
driver current requirements depend on the number of wait states implemented, 
because wait states affect rates at which bus signals switch. Finally, current 
values are also dependent upon external bus DC and capacitive loading. 


External operations involve writes external to the device and constitute the ma- 
jor power supply current component. The power supply current forthe external . 
buses is made up of three components and is summarized in the following 
equation: 


Ihase + lonim + lexp 

where 

lbase = 60-MA baseline current component, 
lorim is the primary bus current component, 
loxp is the expansion bus current component. 


The remainder of this section describes in detail the calculation of external bus 
current components. 
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D.3.1 Primary Bus 


The current due to primary bus writes varies roughly exponentially with both 
wait states and write cycle time. Also, current components due to output driver 
circuitry are represented as offsets from the baseline value. Since the baseline 
value is related to internal current components, negative values for current off- 
set are obtained under some circumstances. Note, however, that actual nega- 
tive current does not occur. 


As mentioned in the previous section, to obtain accurate current values, timing 
of write cycles on the buses must first be established. This is accomplished by 
analyzing program activity, including any pipeline conflicts that may exist, to 
determine the rate and timings at which write cycles to the external buses oc- 
cur. Information from the TMS320C30 emulator or simulator as well as the 
TMS320C3x User’s Guide is used to make these determinations. Note that ef- 
fects from the use of cache must also be accounted for in these analyses, be- 
cause use of cache can effect whether or not instructions are fetched from ex- 
ternal memory. 


When evaluating external write activity ina given program segment, a consid- 
eration that must be made is whether or not a particular level of external write 
activity constitutes significant activity. If writes are being performed at a slow 
enough rate, they do not significantly impact supply current requirements; 
therefore, current due to external writes can be ignored. This is the case, how- 
ever, only if writes are being performed at very slow rates on both the primary 
and the expansion buses. If writes are being performed at high speed on only 
one of the two external buses, the approach described in this section should 
still be used for calculation of current requirements. 


Note that although negative incremental current values are obtained under 
some circumstances, the total contribution for external buses, including base- 
line current, must always be positive. This is because, when external buses are 
used minimally, total current requirements always approach the current contri- 
bution due to internal components, which is solely a function of internal activity. 
This places a lower limit on current contributions resulting from the primary and 
expansion buses, because the total current due to external buses is the sum 
of the 60-mA baseline value and the primary and expansion bus components. 
This effect is discussed in further detail in the rest of this subsection. 


When bus-write cycle timing has been established, Figure D—4 can be used 
to determine the contribution to supply current due to this bus activity. 
Figure D—4 shows values of current contribution from the primary bus for vari- 
ous numbers of wait states and H1 cycles between writes. These characteris- 
tics are exhibited when writes of alternating 55555555h and AAAAAAAAN are 
being performed at a capacitive load of 80 pF per output signal line. The condi- 
tions exhibit the highest current values on the device. The values presented 
in the figure represent incremental or additional current contributed by the pri- 
mary bus output driver circuitry under the given conditions. Current values ob- 
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tained from this graph are later scaled and added to several other currentterms 
to calculate the total current for the device. As indicated in the figure, the lower 
curve represents the current contribution for 18 or more cycles between writes. 


Figure D-4. Primary Bus Current Versus Transfer Rate and Wait States 


Primary Bus Analysis [80 pF, As/5s] 
200 
q = Number of cycies between writes 


150 


100 


Incremental!lpp (mA) 


Wait States 


Note that “number of cycles between writes” refers to the number of H1 cycles 
between the active portion of the write cycles as defined in the TMS320C3x 
User's Guide, thatis, between H1 cycles when STRB, MSTRB, orlOSTRB and 
R/W (or XR/W as the case may be) are low. As shown in Figure D—4, the mini- 
mum number of cycles between writes is one because with back-to-back writes 
there is one H1 cycle between active portions of the writes. 


To further illustrate the relationship of current and write cycle time, Figure D-5 
shows the characteristics of current for various numbers of cycles between 
writes for zero wait states. The information on this curve can be used to obtain 
more precise values of current if zero wait states are being used and the num- 
ber of cycles between writes does not fall on one of the curves in Figure D—4. 
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Figure D-5. Primary Bus Current Versus Transfer Rate at Zero Wait States 
Primary Bus Duty Cycle Analysis [80 pF, As/5s] 
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Figure D-6. Expansion Bus Current Versus Transfer Rate and Wait States 


Expansion Bus Analysis [80 pF, As/5s] 
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Note that although these graphs contain negative current values, this does not 
indicate that negative current actually occurs. The negative values exist be- 
cause the graphs represent a current offset from a common baseline current 
value, which is not necessarily the lowest current exhibited. Using this ap- 
proach to depict current contributions due to different components simplifies 
current calculations because it allows calculations to be made independently. 
Independent calculations can be made because information about relation- 

- ships between different sections of the device are included implicitly in the in- 
formation for each section. 


Figure D—4 and Figure D—5 show thatthe contribution of writes for external bus 
activities becomes insignificant if writes are being performed with more than 
18 cycles between each write. Under these conditions, the incremental value 
of —30-mA current contribution due to the primary bus should be used. Note, 
however, that a value of -30 mA should be used only if the expansion bus is 
being used extensively, because the total contribution for external buses in- 
cluding baseline current must always be positive. If the expansion bus is not 
being used and the primary bus is being used minimally, the current contribu- 
tion due to the primary bus must always be greater than or equal to 20 mA. This 
ensures that the correct total current value is obtained when summing external 
bus components. Once a current value has been obtained from Figure D—4 or 
Figure D—5, this value may be scaled by a data dependency factor if neces- 
sary, as described at the end of this section. This scaled value is then summed 
along with several other current terms to determine the total supply current. 
Calculation of total supply current is described in detail in the next section. 


D.3.2 Expansion Bus 
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Currents due to the primary and expansion buses are similar in characteristics 
but differ slightly because of several factors, including the fact that the expan- 
sion bus has 11 fewer address outputs than the primary bus (13 rather than 24). 
This difference is exhibited in a slightly lower overall current contribution from 
the expansion bus than from the primary bus. 


Accordingly, determining expansion bus current follows the same basic prem- 
ises as determining the the primary bus current. Figure D-6 and Figure D—-7 
show the same current relationships for the expansion bus as Figure D—4 and 
Figure D—5 show for the primary bus. Also, since the total external buses’ cur- 
rent contribution must be positive, if the primary bus is not being used and the 
expansion bus is being used minimally, then the minimum current contribution 
due to the expansion bus is —-30 mA. Finally, as with the primary bus, current 
values obtained from these figures may require scaling by a data dependency 
factor as described in the next subsection. 
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Figure D-7. Expansion Bus Current Versus Transfer Rate at Zero Wait States 
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D.3.3 Data Dependency 


Data dependency of current for the primary and expansion buses is expressed 
as a scale factor that is a percentage of the maximum current exhibited by ei- 
ther of the two buses. Data dependencies for the primary and expansion buses 
are shown in Figure D-8 and Figure D-9, respectively. 


These two figures show normalized weighting factors that can be used to scale 
current requirements on the basis of patterns in data being written on the exter- 
nal buses. The range of possible weighting factors forms a trapezoidal pattern 
bounded by extremes of data values. As can be seen from Figure D-8 and 
Figure D-9, the minimum current is exhibited by writing all zeros, while the 
maximum current occurs when writing alternating 55555555h = and 
AAAAAAAAN. This condition results in a weighting factor of one, which corre- 
sponds to using the values from Figure D—4 and/or Figure D—5 directly. 


As with internal bus operations, data dependencies for the external buses are 
well defined, but accurate prediction of data patterns is often either impossible 
or impractical. Therefore, unless precise knowledge of data patterns exists, an 
estimate of a median or average value for scale factor should be used. If it is 
assumed that data will be neither 5s and As nor all Os and will be varying ran- 
domly, then a value of 0.85 is appropriate. Otherwise, if a conservative ap- 
proach is preferred, a value of 1.0 can be used as an upper bound. 


Regardless of the approach taken for scaling, once scale factors for primary 
and expansion buses have been determined, apply these factors to scale cur- 
rent values determined by using the graphs in the previous two subsections. 
For example, if a nominal scale factor of 0.85 is used and the system uses 0 
wait states with 2 cycles between accesses on both the primary and expansion 
buses, the current contribution from the two buses is as follows: 


Primary: 0.85 x 80 mMA=68 mA 
Expansion: 0.85x 40mA=34mA 


Figure D-8, Primary Bus Current Versus Data Complexity Derating Curve 
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Figure D-9. Expansion Bus Current Versus Data Complexity Derating Curve 
Expansion Bus Data Dependency [80 pF] 
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D.3.4 Capacitive Load Dependence 


Once cycle timing and data dependencies have been accounted for, capacitive 
loading effects should be included in a similar manner to that of data dependen- 
cy. Figure D—10 shows the scale factor to be applied to the current values ob- 
tained above as a function of actual load capacitance if the load capacitance 
presented to the buses is less than 80 pF. 


In the previous example, if the load capacitance is 20 pF instead of 80 pF, a 
scale factor of 0.84 is used, yielding: 


Primary: 0.84 x 68 mA = 57.12 mA 
Expansion: 0.84x34mA = 28.56 mA 


The slope of the load capacitance line in Figure D—10 is 0.26% normalized Ipp 
per pF. While this slope may be used to interpolate scale factors for loads great- 
er than 80 pF, the TMS320C30 is specified to drive output loads less than 80 
pF, and interface timings cannot be guaranteed at higher loads. With data de- 
pendency and capacitive load scale factors applied to the current values for 
primary and expansion buses, the total supply current required for the device 
for a particular application can be calculated, as described in the next section. 


Figure D-10. Current Versus Output Load Capacitance 
Ipp Versus Output Load Capacitance 


Normalized Ipp 


Output Load Capacitance (pF) 
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D.4 Calculation of Total Supply Current 


The previous sections have discussed currents contributed by several different 
sources on the TMS320C30. Because determinations of actual current values 
are unique and independent for each source, each current source was dis- 
_ cussed separately. In an actual application, however, the sum of the indepen- 
dent contributions from each current determines the total current requirement 
for the device. This total current value is exhibited as the total current supplied 
to the device through all of the Vpp inputs and returned through the Vss con- 
nections. 


Note that numerous Vpp and Vgsg pins on the device are routed to a variety 
of internal connections, not all of which are common. Externally, however, all 
of these pins should be connected in parallel to 5 V and ground planes, respec- 
tively, with as low impedance as possible. 


~ Asmentioned previously, because different program segments inherently per- 
form different operations that are often quite distinct from each other, it is typi- 
cally appropriate to consider current for each of the different segments inde- 
pendently. Once this is done, then peak current requirements are readily ob- 
tained. Further, average current calculations can also be made that can be 
used to determine heating effects of power dissipation. These effects, in turn, 
can be used to determine thermal management considerations. 


D.4.1_ Combining Supply Current Due to All Components 


To determine the total supply current requirements for any given program activ- 
ity, calculate each of the appropriate components and combine them in the fol- 
lowing sequence: 


1) Start with 110-mA quiescent current requirement. 


2) Add 55 mA for internal operations unless the device is dormant, such as 
when executing IDLE, NOPs, or branches-to-self, or performing internal 
and/or external bus operations using an RPTS instruction (see Internal 
Operations section). Internal or external bus operations executed via 
RPTS do not contribute an internal operations power supply current com- 
ponent and hence do not add 55 mA to quiescent current. Therefore, cur- 
rent components in the next two steps may still be required even though 
the 55 mA is omitted. 


3) If significant internal bus operations are being performed (see Internal Bus 
Operations section), add the calculated current value. 


4) \fexternal writes are being performed at high speed (see Current Require- 
ments Due to Output Driver Circuitry section), add 60 mA and then add the 
values calculated for primary and expansion bus current components. If 
only one external bus is being used, the appropriate incremental current 
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Total Supply Current 


for the unused bus should still be included because the current offsets in- 
clude components required for operating both buses. Note, however, that, 
as discussed previously, the total current contribution for external buses, 
including baseline, must always be positive. 


The current value resulting from summing these components is the total device 
Current requirement for a given program activity. 


D.4.2 Supply Voltage, Operating Frequency, and Temperature Dependencies. 


Besides current dependencies that are specific to each of the components of 
supply current discussed earlier, supply voltage level, operating temperature 
and operating frequency also affect current requirements. However, these 
considerations affect the total supply current, not just specific components 
(thatis, internal or external bus operations).:Note that supply voltages, operat- 
ing temperature, and operating frequency must be maintained within required 
device specifications. 


Inthe same manner as data dependencies discussed in other sections, consid- 
erations for these dependencies are applied as a scale factor. This factor is 
applied, once the total current for a particular program segment has been de- 
termined. Figure D—11 shows the relative scale factors to be applied to the sup- 
ply current values as a function of both Vpp and operating frequency. 


Power supply current consumption does not vary significantly with operating 
temperature. However, if desired, ascale factor of 2% normalized Ipp per 50°C 
change in operating temperature may be used to derate current within the spe- 
cified range noted in the TMS320C30 data sheet. This temperature depen- 
dence is shown graphically in Figure D—12. Note that a temperature scale fac- 
tor of 1.0 corresponds to current values at 25°C, which is the temperature at 
which all other references in the document are made. 
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Figure D-11. Current Versus Frequency and Supply Voltage 
Ipp Versus f(cLKIN) and Supply Voltage 


Normalized Ipp 


f(CLKIN) (MHz) 


Figure D-12. Current Versus Operating Temperature Change 
Operating Temperature Effects 
1.03 


1.02 


1.01 


Normalized Ipp 


Change in Operating Temperature (°C) 
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D.4.3 Design Equation 
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The procedure for determining the power supply current requirement can be 


summarized in the following equation: 


[= (Iq + hops + linus + Lue) x FV x T 


where 
hops = 55 mA, 


lbugs = D1 xf; (see Table D—1), 


kbus = base + lorim lexps 


with 
lorin = D2 x Cp x fp (see Table D-1), 


FV is the scale factor for frequency and supply voltage, and 
Tis the scale factor for operating temperature. 


Table D—1 describes the symbols used in the power supply current equation. 
Furthermore, the table displays the figure number from which the value can be 
obtained. 
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Table D-1. Current Equation Symbols 


fe 


Primary Bus Data Scale Factor Figure D-8 


Primary Bus Cap Load Scale Factor Figure D-10 
Primary Bus Current Requirement Figure D-4 or D-5 


_- Temperature Scale Factor 


D.4.4 Peak Versus Average Current 


If current is observed over the course of an entire program, typically some seg- 
ments will exhibit significantly different levels of current required for different 
durations of time. For example, a program may spend 80% of its time perform- 
ing internal operations, drawing a current of 250 mA, and spend the remaining 
20% of its time performing writes at full speed to the expansion bus, drawing 
300 mA. 


While knowledge of peak current levels is important in order to establish power » 
supply requirements, some applications require information about average 
current. This is particularly significant if periods of high peak current are short 
in duration. Average current can be obtained by performing a weighted sum 
of the currents due to the various independent program segments over time. 
In the example above, the average current can be calculated as follows: 


!=0.8 x 250 mA + 0.2 x 300 mA = 260 mA 


Using this approach, average current for any number of program segments 
can be calculated. 
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D.4.5 Thermal Management Considerations 


Heating characteristics of the TMS320C30 are dependent upon power dissipa- 
tion, which is, in turn, dependent upon power supply current. When making 
thermal management calculations, several considerations must be made that 
relate to the manner in which power supply current contributes to power dissi- 
pation and to the TMS320C30 package thermal characteristics’ time constant. 


Depending on sources and destinations of current on the device, some current 
contributions to Ipp do not constitute a component of power dissipation at 5 
volts. Accordingly, if the total current flowing into Vpp is used to calculate pow- 
er dissipation at 5 volts, erroneously large values for power dissipation will be 
obtained. Power dissipation is defined as: 


P=!Ix V 


(where P is power, | is current, and V is voltage). If device outputs are driving 
any DC load to a logic high level, only a minor contribution is made to power 
dissipation because CMOS outputs typically drive to a level within a few tenths 
of a volt of the power supply rails. If this is the case, subtract these current com- 
ponents out of the total supply current value; then calculate their contribution 
to power dissipation separately, and add it to the total power dissipation (see 
Figure D—13). If this is not done, these currents resulting from driving a logic 
high level into a DC load will cause unrealistically high power dissipation val- 
ues. The error occurs because the currents resulting from driving a logic high 


_level into a DC load will appear as a portion of the current used to calculate 


power dissipation due to Vpp at 5 volts. 


Figure D-13. Load Currents 


louT 


Device Output Driven High 


Device Output Driven Low 
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Furthermore, external loads draw supply only current when outputs are being 
driven high, because when outputs are in the logic zero state, the device is 
sinking current, which is supplied from an external source. Therefore, the pow- 
er dissipation due to this current component will not have a contribution 
through Ipp but will contribute to power dissipation with a magnitude of: 


P = Vor x lot 


where Vo, is the low level output voltage and Io, is the current being sunk by 
the output as shown in Figure D—13. The power dissipation component due to 
outputs being driven low should be calculated and added to the total power dis- 
sipation. 


When outputs with DC loads are being switched, the power dissipation compo- 
nents from outputs being driven high and outputs being driven low are aver- 
aged and added to the total device power dissipation. Calculation of power 
components due to DC loading of the outputs should be made separately for 
each program segment before average power is calculated. 


Note that any unused inputs that are left disconnected may float to a voltage 
level that will cause input buffer circuits to remain in the linear region and there- 
fore contribute a significant component to power supply current. Accordingly, 
any unused inputs should be made inactive by being either grounded or pulled 
high if absolute minimum power dissipation is desired. If several unused inputs 
must be pulled high, they may be pulled high together through one resistor to 
minimize component count and board space. 


When you use power dissipation values to determine thermal management 
considerations, you should use the average power unless the time duration of 
individual program segments is long. The thermal characteristics of the 
TMS320C30 in the 181-pin PGA package are exponential in nature with atime 
constant t = 4.5 minutes. Therefore, when subjected to a change in power, the 
temperature of the device package will reach approximately 63% of the total 
temperature change due to this power after 4.5 minutes. Accordingly, if the 
time duration of program segments exhibiting high power dissipation values 
is short (on the order of a few seconds), average power, calculated in the same 
manner as average current as described in the previous subsection, can be 
used. 


Otherwise, maximum device temperature should be calculated on the basis of 
the actual time duration of the program segments involved. For example, if a 
particular program segment lasts for 7 minutes, then using the exponential 
function, it can be calculated that a device will reach approximately 80% of the 
temperature due to the total power dissipation during the program segment. 


Note that the average power should be determined by calculating the power 
for each program segment (including considerations described above) and 
performing a time average of these values, rather than simply multiplying the 
average current as determined in the previous subsection, by Vpp. 
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Specific device temperature calculations are made using the TMS320C30 
thermal impedance characteristics included in the TMS320C30 data sheet in 
Chapter 13 of the 7MS320C3x User’s Guide. 
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Example Supply Current Calculati 


D.5 Example Supply Current Calculations 


D.5.1 Processing 


D.5.2 Data Output 


An FFT represents a typical DSP algorithm. The FFT code in Section D.8 pro- 
cesses datainthe RAM blocks and writes the result out to zero wait-state exter- 
nal SRAM on the primary bus. The program executes out of zero wait state ex- 
ternal SRAM on the primary bus, and the TMS320C30’s cache is enabled. The 
entire algorithm consists mainly of internal bus operations and hence includes 
quiescent and, in general, internal operations as well. At the end of processing, 
the 1024 results are written out on the primary bus. Therefore, the algorithm 
exhibits a higher current requirement during the write portion, where the exter- 
nal bus is being used significantly. 


The processing portion of the algorithm is 95% of the total algorithm. During 
this portion, the power supply current is required only for the internal circuitry. 
The processing of data is done in several loops that compose a majority of the 
algorithm. During these loops, two operands are transferred on every cycle. 
The current required for internal bus usage, then, is 55 mA taken from 
Figure D-2. The data is assumed to be random. A data value scale factor of 
0.8 is used from Figure D-3. This value scales 55 mA, yielding 44 mA for inter- 
nal bus operations. Adding 44 mA to the quiescent current requirement and in- 
ternal operations current requirement yields a current requirement of 209 mA 
for the major portion of the algorithm. 


[= I, + hops + hous 


1 = 110 mA + 55 mA + (55 mA)(0.8) = 209 mA 


The portion of the algorithm corresponding to writing out data is approximately 
5% of the total algorithm. Again, the data that is being written is assumed to 
be random. From Figure D-3 and Figure D-8, scale factors of 0.80 and 0.85 
are used for derating due to data value dependency for internal and primary 
buses, respectively. During the data dump portion of the code, aload and store 
are performed every cycle; however, the parallel load/store instruction is in an 
RPTS loop, so there is no contribution due to internal operations, because the 
instruction is fetched-only once. The only internal contributions are due to 
quiescent and internal bus operations. Figure D—4 indicates a 170-mA current 
contribution due to writes every available cycle, and Figure D-6 indicates a 
—80-mA contribution due to not using the expansion bus (that is, greater than 
18 H1 cycles between writes). Therefore, the total contribution due to this por- 
tion of the code is: 


f= Ig + hous + hibas 
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or, 


| = 110 + (55 mA)(0.8) + 60 mA — 80 mA + (170 mA)(0.85) 
= 278.5 mA 


The average current is derived from the two portions of the algorithm. The pro- 
cessing portion took 95% of the time and required about 210 mA, and the data 
dump portion took the other 5% and required about 280 mA. The average is 
calculated as: 


lava = (0.95)(21 mA) + (0.05)(280 mA) = 213.5 mA 


From the thermal characteristics specified in the 7TMS320C3x User’s Guide, 
it can be shown that this current level corresponds to a case temperature of 
43°C. This temperature meets the maximum device specification of 85°C and 
hence requires no forced air cooling. 


D.5.4 Experimental Results 
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A photograph of the power supply current for the FFT is shown in the photo- 
graph in Appendix A. During the FFT processing, the current measured varied 
between 180 and 220 mA. The peak of the current during external writes was 
270 mA, and the average current requirement, as measured on a digital multi- 
meter was 200 mA. The calculations yielded results that were extremely close 
to the actual measured power supply current. 
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D.6 Summary 


_pummary 


The power supply current requirement for the TMS320C30 cannot be ex- 
pressed simply in terms of operating frequency, supply voltage, and output 
load capacitance. A more complete specification, one based on device func- 
tionality, must be used to determine a more accurate power supply current re- 
quirement. This application note presents the necessary information you will 
require to determine power supply specifications. The specification is based 
onaknowledge of the algorithm and its operation on the TMS320C30 in terms 
of internal and external bus usage. As devices become more complex, the 
application of the approach presented in this document becomes vital. 


The power supply current requirement for the TMS320C30 depends on device 
functionality and system parameters. The components of current related to de- 
vice functionality are those due to quiescent current, internal operations, inter- 
nal bus operations, and external bus operations. The dependencies related to 
system parameters are those due to operating frequency, supply voltage, out- 
put load capacitance, and operating temperature. The typical power supply 
current requirement is 250 mA, and the minimum, or quiescent, is 110 mA. 


pen maximum ‘current requirement is 600 mA and c occurs on 
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D.7 Photo of Ipp for FFT 


500 ps/Div. 
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D.8 FFT Assembly Code 


- GLOBL 
-GLOBL 
- GLOBL 
- GLOBL 


SINTAB: 

- WORD 
RAMO: 

. WORD 
OUTBUF: 

- WORD 


- TEXT 


FET: LDP 


LDI 
LSH 


oS 


eae Boserey Coe? 


; setup 
SINE 


809800h 


800h 


SINTAB ; processing portion: 
; quiescent, internal and 
; bus operations 


N, IRO 
+1, TRO 


; LENGTH-TWO BUTTERFLIES 


LDI 
LDI 
SUBI 


RPTB 
ADDF 
SUBF 
STE 
STF 


BLK1 
1 | 


; FIRST PASS OF THE DO-20 LOOP 


LDI 
LDI 
LDI 
LSH 
SUBI 


RPTB 
ADDF 
SUBF 
NEGF 
STF 
STF 
STF 


LOOP (FFT 


LDI 


@RAMO, ARO 
IRO, RC 
1,RC 


BLK1 

*+ARO, *ARO++, RO 
*ARO, *-ARO,R1 
RO, *-ARO 

R1, *ARO++ 


(STAGE K=2 IN DO-10 LOOP) 


@RAMO, ARO 
2,IRO 
N,RC 
-2,RC 
1,RC 


BLK2 

*+AR0 (IRO), *ARO++(IRO),RO 
*ARO, *-ARO(IRO),R1 
*+ARO,RO 

RO, *-ARO (IRO) 

R1, *ARO++ (IRO) 

RO, *+ARO 


STAGES) 


N, TRO 
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LOOP 


LSH 
LDI 
LDI 
LDI 
LSH 
LSH 
LSH 


-2,IR0 
3,R5 
1,R4 
2,R3 
~1,IR0 
1,R4 
1,R3 


; INNER LOOP (DO-20 LOOP IN THE PROGRAM) 


INLOP: 


7 INNERMOST LOOP 


BLK3 


LDI 


LDI 
ADDI 
LDI 
LDI 
ADDI 
LDI 
ADDI 
LDI 
SUBI 
ADDI 
LDF 
ADDF 
SUBF 
STF 
NEGF 
NEGF 
STF 
STF 


LDI 
LSH 
LDI 
SUBI 


RPTB 
MPYF 
MP YF 
MPYF 
ADDF 
MPYF 
SUBF 
SUBF 
ADDF 
STE 

ADDF 
STF 

SUBF 
STF 

STF 


SUBI 


@RAMO, ARS 


IRO, ARO 
@SINTAB, ARO 
R4,IR1 

AR5,AR1 

1,AR1 

AR1,AR3 

R3,AR3 

AR3,AR2 

2,AR2 

R3,AR2,AR4 
*AR5++(IR1),RO 
*+AR5(IR1),RO,R1 
RO, *++AR5 (IR1) ,RO 
R1, *-AR5 (IR1) 

RO 

*++BAR5 (IR1),R1 
RO, *ARS5 

R1,*ARS5 


N, IRL 
-2,IR1 
R4,RC 
2,RC 


BLK3 

*AR3, *+ARO(IR1),RO 
*AR4, *ARO,R1 
*AR4,*+ARO(IR1),R1 
RO,R1,R2 

*AR3, *ARO++ (IRO),RO 
RO,R1,RO 
*AR2,RO,R1 
*AR2,RO,R1 

R1, *AR3++ 
*AR1,R2,R1 

Rl, *AR4- ~- 
R2,*AR1,R1 

R1, *AR1++ 

R1, *AR2- —- 


@RAMO,AR5 
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DUMP 


SS ESRI SS CE 


R4,AR5 
N,AR5 
INLOP 
@RAMO, ARS 


1,R5 
M,R5 
LOOP 


@RAMO, ARO 
@OUTBUF, AR1 


*ARO++,RO 
N-2 

*ARO++,RO 
RO, *AR1++ 
RO, *AR1++ 


RAMO, AR1 
@RAMO, ARO 
400h, ARO 
ARO, *AR1 


FET 


. 
, 


. 
7 


data dump portion 
quiescent, internal bus 


ops and primary bus ops 


swap RAM banks 
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7 SMJ320C30 Digital Signal Processor Data Sheet 


Chapter E 


SMJ320C30 Digital Signal Processor — 
Data Sheet 


This appendix contains the standalone data sheet for the SMJ320C30 Digital 
Signal Processor. 
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Performance 
— SMJ320C30-28 (70-ns Single Cycle 

Instruction Execution Time) 

— 28.6 MFLOPS (Million 
Floating-Point Operations per 
Second) 

~ 14.3 MIPS (Million Instructions per 
Second) 


— SMJ320C30-25 (80-ns Single Cycle 
Instruction Execution Time) 
~ 25 MFLOPS 
- 12.5 MIPS 


Class B High-Reliability Processing 
One 4K x 32-Bit Single-Cycle Dual-Access 
On-Chip ROM Block 


Two 1K x 32-Bit Single-Cycle Dual-Access 
On-Chip RAM Blocks 


64-Word x 32-Bit Instruction Cache 


32-Bit Instruction and Data Words, 24-Bit 
Addresses 

40/32-Bit Floating Point/Integer Multiplier . 
and ALU 

32-Bit Barre! Shifter 
‘Eight Extended-Precision Registers 
(Accumulators) 


Two Address Generators With Eight 
Auxiliary Registers and Two Auxillary 
Register Arithmetic Units 


On-Chip Direct Memory Access (DMA) 
Controller for Concurrent I/O and CPU 
Operation 


Integer, Floating Point, and Logical 
Operations 


Two- and Three-Operand Instructions 


Parallel ALU and Multiplier Executions ina 
Single Cycle 
Block Repeat Capability 


Zero-Overhead Loops with Single-Cycle 
Branches 


Conditional Calls and Returns 


interlocked Instructions for 
Multiprocessing Support 


*® Two External Interface Ports 


$MJ320C30 
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GB Packaget 
(Top View) 
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HU/HT Packaget 
(Top View) 


t Pin assignments/function information are provided 
by the page 2 and 3 table, pin assignments. 


Two Serial Ports with Support for 
8/16/32-Bit Transfers 


Two 32-Bit Timers 
1.0 Micron EPIC™ CMOS Technology 


181-Pin Grid Array Ceramic Package 
(GB Suffix) 


Two 196-Pin Leaded Ceramic Chip Carriers 
— Quad flat pack (HT Suffix) 
— Gull wing carrier (HU Suffix) 


— 55°C to 125°C Operating Temperature 
Range 


EPIC is a trademark of Texas Instruments Incorporated. 
PRODUCTION DATA documents contain Information 
current as of publication date. Products conform to } 


specifications per the terms of Texas Instruments EXAS 
INSTRUMENTS 


standard warranty. Production processing does not 
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necessarily Include testing of all parameters. 
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description 


The SMJ320C30's internal bus and special digital processing (DSP) instruction set have the speed and flexibility 
to execute up to 28.6 MFLOPS (million floating-point operations per second). The SMJ320C30 optimizes speed 
by implementing functions in hardware that other processors implement through software or microcode. This 
hardware-intensive approach provides the design engineer with power previously unavailable on a single chip. 


The SMJ320C30 can perform parallel multiply and ALU operations on integer or floating-point data in a single 
cycle. The processor also possesses a general-purpose register file, program cache, dedicated auxiliary register 
arithmetic units (ARAU), internal dual-access memories, one DMA channel! supporting concurrent I/O, and a 
short machine-cycle time. High performance and ease of use are achieved through greater parallelism, greater 
accuracy, and general-purpose features. 


General-purpose applications are greatly enhanced by the large address space, multiprocessor interface, 
internally and externally generated wait states, two external interface ports, two timers, two serial ports, and 
multiple interrupt structure. The SMJ320C30 supports a wide variety of system applications from host processor 
to dedicated coprocessor. 


High-level language is more easily implemented through a register-based architecture, large address space, 
powerful addressing modes, flexible instruction set, and well-supported floating-point arithmetic. 
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pin functional description 


GB package pin function assignments 


[an eovenion [pn runevion [pm [roneriow [ani [ ronenow [on [roveron — 


A20 
A2t 
A22 
A23 
LOCATOR 


NOTES: 1. ADVpp, DDVpp, |ODVpp, MDVpp. and PDVpp pins are on a common plane internal to the device. 
2. Vop pins are on a common plane internal to the device. 
3. Vss, CVgs, and IVgsg pins are on a common plane internal to the device. 
4. DVgs pins are on a common plane internal to the device. 


exas 
INSTRUMENTS 
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HU/HT package pin function assignments 


ax [aneron [ear rnerow [pn [ eoneriow [pa [ roneriow [pT roveron 


1 
2 
3 
4 
5 
6 
7 
8 


1. ADVop, DDVop. |ODVpp. MOVpp. and PDVop pins are on a common plane internal to the device. 
2. Vpp pins are on a common plane internal to the device. 

3. Vgs, CVss, and IVsg pins are on a common plane internal to the device. 

4. DVgg pins are on a common plane internal to the device. 


j 
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signal descriptions . 


This section gives signal descriptions for the SMJ320C30 device in the microprocessor mode. The following 
tables list each signal, the number of pins, function, and operating mode(s), i.e., input, output, or high-impedance 
state as indicated by I, O, or Z. All pins labelled NC are not to be connected by the user. A line over a signal name 
(e.g., RESET) indicates that the signal is active low (true at a logic 0 level). The signals are grouped according 


to function. 


signal descriptions 


D PTI 
ee, aes ere ESCRIPTION 
|} NAME | NOs. | PRIMARY BUS INTERFACE 
031-DO 2 Ban 4 VO/Z 32-bit data port of the primary bus interface. 
A23-A0 Ped] 8 Ot 24-bit address port of the primary bus interface. 
RAW oz Read/write signal for primary bus interface. This pin is high when a read is performed and low 
when a write is performed over the parallel interface. 
O/Z External access strobe for the primary bus interface. 
Ready signal. This pin indicates that the external device is prepared for a primary bus inter- 
RDY face transaction to complete. As long as RDY is a logic high, the data and address buses of 
the primary bus interface remain valid. 
Hold signal for primary bus interface. When HOLD is a logic low, any ongoing transaction is 


completed. The A23-A0, 031-D0, STRB, and R/W signals are placed in a high-impedance 
state, and all transactions over the primary bus interface are held until HOLD becomes a logic 
high. 
Hold acknowledge signal for primary bus interface. This signal is generated in response toa 
logic low on HOLD. It signals that A23-A0, D31-D0, STRB, and R/W are placed in a high-im- 
pedance state and that all transactions over the bus will be held. HOLDA will be high in re- 

sponse to a logic high of HOLD. 


EXPANSION BUS INTERFACE 


XD31-XDO | 32 /O/Z 32-bit data port of the expansion bus interface. 
XA12-XA0 ds OR 13-bit address port of the expansion bus interface. 


XRAW 1 Oz Read/write signal for expansion bus interface. When a read is performed, this pin is held high; 
when a write is performed, this pin is low. 


the expansion bus interface remain valid. 
TACK fe te alt eee | Interruptacknowledge signal. IACK is setto 1 by the !ACK instruction. This can be used to indicate 


MSTRB Pee eae External memory access strobe for the expansion bus interface. 
1OSTRB SS ae ee External !/O access strobe for the expansion bus interface. 
Ready signal. This pin indicates that the external device is prepared for an expansion bus 
XRDY 1 
CONTROL SIGNALS 
Reset. When this pin is a logic low, the device is placed in the reset condition. When RESET 
becomes a logic high, execution begins from the location specified by the reset vector. 
the beginning or end of an interrupt service routine. 
MC/MP moe eae Microcomputer/microprocessor mode pin. 
External flag pins. They are used as general-purpose I/O pins or to support interlocked processor 
AR LelO ie instructions 


interface transaction to complete. As long as XRDY is high, the data and address buses of 
INT3-INTO ae a ee External interrupts. 
tT Input, output, high-impedance state. 


j 
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signal descriptions (continued) 


os. _] 
: 


fox = te al 
Frame synchronization pulse for transmit. The FSXO pulse initiates the transmit data process 
FSX0 1/0 : 
over pin DXO. 


CLKRO Serial port 0 receive clock. This pin serves as the serial shift clock for the serial port 0 receiver. 
MORO? .  — Meae ie is Data receive. Serial port 0 receives serial data via the DRO pin. 


FSRO a ee Frame synchronization pulse for receive. The FSRO pulse initiates the receive data process over 
DRO. 


SERIAL PORT 1 SIGNALS 


CLKX1 Serial port 1 transmit clock. This pin serves as the serial shift clock for the serial port 1 transmitter. 
MOMs lh. Oe Data transmit output. Serial port 1 transmits serial data on this pin. 


Frame synchronization pulse for transmit. The FSX1 pulse initiates the transmit data process 
FSX1 . 1 0 : 
over pin DX1. 


CLKR1 hfe Si OE, 1 Serial port 1 receive clock. This pin serves as the serial shift clock for the serial port 1 receiver. 
i, a Caen eee ee eae Data receive. Serial port 1 receives serial data via the DR1 pin. 


ee ee Frame synchronization pulse for receive. The FSR1 pulse initiates the receive data process 
; over DR1. 


TIMER 0 SIGNALS 


TCLKO 1 VO Timer clock. As an input, TCLKO is used by timer 0 to count external pulses. As an output pin, 
_| TCLKO outputs pulses generated by timer 0. 


TIMER 1 SIGNALS 


fee |e [ieainmeeater eer 
TCLK1 outputs pulses generated by timer 1. 
SUPPLY AND OSCILLATOR SIGNALS (see Note 5) 
(von | #8 [| | SVsupyen CCSC‘“‘“S*S™*S*~*~* 
piooven | aS | | | *SVsuppyein SS OOCSC~—~—CSC<C~*~S~*™' 
Padvon | 2 | 1 | «SVsuppyein SCOCSCSC~CSCSCSCSS 
OV de Ss I SM SUD cc ak ie eee 
FoDvpp | 22 | 1 | -SvsuppypinSCSC~“~*~—“C~*‘“‘“‘“‘“‘<‘<;<SCS;St;*d 
PMOVoo | we | 1 | *8Vsuppypin SSCS~—~—SCSCSC“‘C‘“‘;C;CS;*;*tCS 
[vss] aa || Groundpin, 
Povss | | 1 | Goundpmn SC~—CSC‘C~;C‘~;<;<;<CSCS 
roves | a | 1 | Groundpn C~—SCSC‘C~C~S~CS~CS~S~S~SS 
rss | ve | 1 id ~Groundpin, SSC~—“~SCSCSCSCSC‘~‘<;<;<;<;<CSCS*” 
i 


Output pin from the internal oscillator for the crystal. If a crystal is not used, this pin should be 
left unconnected : 


Cae ee 
| 0 | 

ae Input pin to the internal oscillator from the crystal or a clock 
ee ae 
en eee 


External H1 clock. This clock has a period equal to twice CLKIN 
External H3 clock. This clock has a period equal to twice CLKIN 


t input, output, high-impedance state. 
NOTE 5: GB/HU power pins. 


Texas 
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signa! descriptions (concluded) 


[PINS sdTsyrcgeat DESCRIPTION 
EE EC TO 
Te ea Ea AT 
ee a TT 
EE A RO CE 


t Input, output, high-impedance state. 


CAUTION 


Follow the connections specified for the reserved pins. All pullup resistors must be 20 kQ. All +5 volt supply pins 
must be connected to acommon supply plane, and all ground pins must be connected to acommon ground plane. 


ELECTRICAL SPECIFICATIONS 


absolute maximum ratings over specified temperature range (unless otherwise noted) + 


Supply voltage Tange: VeG: ieee tet Re ats Wat dae ee aoe Ww ad eRe eens -0.3Vto7V 
Input voltage range ...... ree eee Eee DCSE ereR eR ease Mmateeal ecakp Ana ese Na -O0.3Vto7V 
Quipul voltage fanGe: 4 css paw pecu iy Peewee eee Sue ad pa ee aw Bie Me Shek ote -O0.3Vto7V 
Continuous power dissipation (see Note 11) ....... i pcihicd able ai ee a baie is See beanie aes 3.15 W 
Minimum free air operating temperature ........ eee cee eee eee Pinutiie ce gute due ota t ato ahe sumer — 55°C 
Maximum operating case temperature ........ Shapes AAlagtia Wii" Bisa Pogrdisa Ac Rntalan Sig Rag ae aleve Meds OSs Sete ee 2 125°C 
Storage temperature range... eee eee eee ee Oe ae Re Ree ee eee ee are Poe — 65°C to 150°C 


+ Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only; 
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section 
of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 6. All voltage values are with respect to Vss. 

7. Actual operating power will be less. This value was obtained under specially produced worst-caso test conditions, which aro not 
sustained during normal device operation. These conditions consist of continuous parallel writes of a checkerboard pattern to both 
primary and extension buses at the maximum rate possible. See normal (cc) current specification in the “electrical characteristics” 
table and also read Calculation of TMS320C30 Power Dissipation Application Report. 


j 
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recommended operating conditions (see Note 8) 


J 
[Ves Suppiywotages WSS.) ———SSC—C—~“sS*S*~*~—“‘“~*~*S*S*S*~dCSC“‘C‘CSCSC Cd 
Fioy - Lowievelouputeunent Sm 

z 


TA Ope 


rating free-air temperature 


§ These values derived from characterization but not tested. 
NOTE 8: All input and output voltages are TTL compatible. 
electrical characteristics over specified temperature range 


PARAMETER MIN NOM 


= 8 
Z 
| 


fig homewon(raouKn, Mi=veseved | 
oo 20+ pF 


Co Output capacitance 


Cx X2/CLKIN capacitance 


T Derived from characterization and not tested. 
+ Derived by design but not tested. 
NOTES: 9. All nominal values are at Vpp = 5 V, Ta = 25°C. 

10. fy is the input clock frequency. 

11. Allinput and output voltage levels are TTL compatible. 

12. Pins with internal pullup devices: INTO-INT3, MC/MP, RSVO-RSV10. 

13. Actual operating current will be less than this maximum value. This value was obtained under specially produced 
worst-case test conditions, which are not sustained during normal device operation. These conditions consist of 
continuous parallel writes of a checkerboard pattern to both primary and expansion buses at the maximum rate 
possible. See Calculation of TMS320C30 Power Dissipation Application Report. 
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PARAMETER MEASUREMENT INFORMATION 


eee ee ee ee ed 


Output 
Tester Pin Vioad Under 
Electronics Test 


Where: lo = 2 mA (all outputs) 
IOH = 300 LA (all outputs) 
Vioad =2.15V 
Cr = 80 pF typical load circuit capacitance. 


Figure 1. Test Load Circuit 


signal transition levels 


TTL-level outputs are driven to a minimum logic-high level of 2.4 volts and to a maximum logic-low level of 0.6 
volts. Output transition times are specified as follows. 


For ahigh-to-low transition on a TTL-compatible output signal, the level at which the outputis said to be no longer 
high is 2 volts, and the level at which the output is said to be low is 1 volt. For a low-to-high transition, the level 
at which the output is said to be no longer low is 1 volt, and the level at which the output is said to be high is 2 
volts. 


Figure 2. TTL-Level Outputs 


Transition times for TTL-compatible inputs are specified as follows. For a high-to-low transition on an input 
signal, the level at which the input is said to be no longer high is 2.1 volts, and the level at which the input is said 
to be low is 0.8 volt. For a low-to-high transition on an input signal, the level at which the input is said to be no 
longer low is 0.8 volt, and the level at which the input is said to be high is 2.1 voits. 


Figure 3. TTL-Level Inputs 
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timing parameters for CLKIN, H1, and H3 (see Note 11) 


a ae 28 a ee 
PARAMETER MIN MAX | “UNIT 


ne a 
| 2 [tony _CLKINIow pulse duration tii = min (seeNote1s) | 125 | |r 
tw(CIH CLKIN high pulse duration te(c1) = min (see Note 15) ee ee 

| 4 |tycp CLKINeisetime tts 
| Step ——CLKINeycletime TT tts 
pc OC SETANS tet a 
| 7 [tweity __—H/HS low pulse duration (see Note 14) | PST PB ts_ 
| 8 [twHH) _HW/H3high pulse duration (seeNote14) | PH? PH? 
| 9 [ty HHS risetime ts | 


[9.1 [taHt-HH) Delay trom H1(H3) tow to H3(H1) high ra a 
tot [toy Hi cycletime Twos | te | ns 


t Derived by design but not tested. 
NOTES: 11. Alfinput and output voltages are TTL compatible. 
14. P = te(cl) 
15. Rise and fall times, assuming a 35-65% duty cycle, are incorporated within this specification. See X2/CLKIN timing below. 


X2/CLKIN timing 


al 
“it 
ao 
| 
| 


H1/H3 timing 
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memory read/write cycle timing (MSTRB = a 


$MJ320C30-28 SMJ320C30-25 
cbisiuslih STP 


ta(HiL(MSL) Ht low to ( wists low a 
72 Pragiit-qwysty _Hilowto WSTRBRIgh ————SCSCS~—~—~t St || 
73.4 Pagitieawiy Hi high AMWiw ———SSCS~—~SCS~S~S—s St] 
Beg rer TT 
ioe 
tsu(D)R D valid before H1 low (read) ee ee 
teu(XD)R (X)D setup before H1 low (read) en ee ee ee 
thi(X)D)R (X)D hold time after H1 low (read) zee a ree ee 
| 17.1 |tsyRoy) DY setupbeforeHthigh | tts 
tsu(XRDY XRDY setup before H1 high ze ae ee eee Se 
th((X)RDY XRDY hold time after H1 high Br eae ee aaa ee 
| 19 | tg(H1H-(X)JRWH) Ht high to (X)RAW high (write) ae aaa ee 
tv((X)D)W (X)D valid after H1 low (write) oe. eee 
ar osc e0b nase err nah we 
td(H1H-A) H1 high to A valid on back-to-back write cycles (write) ae. Sea Fes 


td(H1H-XA) H1 high to XA valid on back-to-back write cycles (write) 
[26 [taaxnon __COROY delay from A vali at ate 


t These values derived from characterization but not tested. 
+ These values derived by design but not tested. 
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memory read cycle timing (MSTRB = 0) 


(X)R/W | | | 
| | 
oe 14.1/14.2 | — — 13 
(X)A 
15.1/15.2 acer as 
| 16 
26 —é 
17.1/17.2 — He 
, py) le— ig 


rly 
(ORDY \ / 


> 


it— 22.1/22.2 
A x x 
20 
| — re 21 
(x)D = y+ ———_—- 
18 | 


7AN72— OE anny 


()RDY \ y eed 
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memory read cycle timing (IOSTRB = 0) 


pmo ramen ee ar 
PARAMETER UNIT 
29 [lapaitxnnng Hi lowtoxRi@inign SSCS | te 
[31 [eucoja XD setup below High SSCs ts 
se fg xo ot i ae oot 
er ae RT ST 


th(XRO XADY hold time after H1 high 


t These values derived from characterization but not tested. 
+ These values derived by design but not tested. 


27 as = | 
iOSTRB | | 
| 
| + l¢— 35 
XR/W | | 
| 
>» — 30 | 
XA 
31. — 
wl ge 32 
XD 
33 


XRDY \ | i 
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memory write cycle timing (IOSTRB = 0) 


SMJ320C30-28 SMJ320C30-25 
PARAMETER 


| 35 | td(HiL-XRWL) 1 low to (X)R/W low 
tyiXD)W XD valid after Ht high 


t These values derived by design but not tested. 


aa A on Sees 


se 
, 
ie ew ees 


—»! 4 35 | 
XR/W | | 

1 e'30 | 
XA 

> «- 36 | —> i€— 37 
XD 
33> 
pl Ke 34 
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timing for XFO and XF1 when executing LDFI or LDII 


; SMJ320C30-28 | SMJ320C30-25 
PARAMETER UNIT 
MIN MAX MIN MAX 


Fetch 
| LDFlorLon | Decode | Read | -° Execute | 


| 
| 
| 
MSTRB | : \ / 
. | 
<< Ate aes, (LTO NE ST ne ea PE 
RW | l 
| | 
| | 
eon a eae ee 
| | 
| | 
(X)D | | — -— 
| | 
| | 
(X)RDY | i Ca 
| 
| 38 Pl 
| { 
XFO Pin 39 ic << N 
| 


I 
XF1 Pin \ | / 
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timing for XFO when executing a STFI or STII 


SMJ320C30-28 SMJ320C30-25 
PARAMETER UNIT 
MIN MAX MIN MAX 


XFO Pin / ; 


timing for XFO and XF1 when executing a SIGI 


SMJ320C30-28 SMJ320C30-25 
PARAMETER UNIT 


Fetch 
| SIG! | Decode | Read | Execute | 
2 A” ef oe Ne 
| | 
| | 
H1 | | 
41 
ae ai i is = —> Me 42 
XFO | 
| 


| 
xFI UY 
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timing for loading XF register when configured as an output pin 


SMJ320C30-28 SMJ320C30-25 
PARAMETER UNIT 
MIN MAX MIN MAX 


t(HSH-X H3 high to XF valid eae 2 eae ee 


Fetch Load 
| Instruction | Decode | Read | Execute | 


VV xx YVVY WKXN 
OUTARBI YK] _T oF 0 


—> j— 45 
XF Pin x 


change of XF from output to input mode 


SMJ320C30-28 S$MJ320C030-25 
PARAMETER UNIT 
MIN MAX MIN MAX 


tsu(XF XF setup before Ht low 
| 48 | thoxe XF hold time after H1 low _ a se ee 


t These values derived from characterization but not tested. 


| Execute! | al ad) | Synchronizer | Value on Pin | 
| Load of OF ! | Pur |" petay | Seeninior | 
! | | Tolnput | | | 


io | 
IOXF Bit | yap 


eh Ou REESE RRAINS 


INXF Bit au 
NXF B - 


Sampled 


KX KKK KK \\ 
ROOK DP 


OY 
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change of XF from input to output mode 


SMJ320C30-28 SMJ320C30-25 
a je ee 
H3 high to XF switching from 


| Execution of | | 


Load of lOF 


” ~~ f Fr Vr 
OXF Bit | | 
| 
XF Pin 1 
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reset timing 


SMJ320C30-28 SMJ320C30-25 
PARAMETER [win Max | MIN MAX | UNIT 


HeSe Setup for RESET before CLKIN low es aa 


Setup for RESET high before H1 low and after 


ss ta(CLKINH-H3H CLKIN high to HS high ae Te 


| 56 | tais(H1H-xD H1 high to (X)D three state 
tdis(H3H-XA H3 high to (X)A three state 
td(H3H-CONTROLH H3 high to control signals high 
[50 [iatiiiackH) Ht nigh oIAGKnigh _——SSSSCSC~SSSC~“~‘“‘ C*YSC*‘“‘CSCCaT*«tCns + 


RESET low to asynchronously reset signals 
tdis(RESETL-ASYNCH) three state : 2st ast 


t These values derived from characterization but not tested. 


a a 


| 
! 
| 
RESET \ | | 
(see Notes 20, 21) <—_ —pl — 53 


| | “ | 


(x)D 
(see Note 16) 


(X)A 
(see Note 17) 


Control Signals 
(see Note 18) 


| 
{rennerenararenennvenensenevanrameratresneasnnetsnnatngptt ens 
JACK eee eee 


Asynchronous ie 760 
Reset Signals) 
(see Note 19) 


NOTES: 16. (X)D includes D31-D0 and XD31-XD0. 

17. X(A) includes A23-A0, XA12-XA0, and R/W. 

18, Control signals include STRB, MSTRB, and IOSTRB. 

19. Asynchronously reset signals include XF1, XFO, CLKX0, DX0, FSX0, CLKRO, DRO, FSRO, CLKX1, DX1, FSX1, CLKR1, DR1, FSR1, 
TCLKO, and TCLK1. 

20. RESET is an asynchronous input and can be asserted at any point during a clock cycle. If the specified timings are met, the exact 
sequence shown will occur; otherwise, an additional delay of one clock cycle may occur. 

21. Note that the R/W and XR/W outputs are placed in a high impedance state during reset and can be provided with a resistive pull-up, 
nominally 20 kQ, if undesirable spurious writes could be caused when these outputs go low. 
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INT3-INTO response timing 


PARAMETER 


tw(INT) Interrupt pulse width to guarantee one 
see Note 22 interrupt seen 


t These values derived from characterization but not tested. P = One H1 period. : 
NOTES: 22, Interrupt pulse width must be atleast 1 P wide to guarantee it will be seen. It must be less than 2 P wide to guarantee it will be responded 
to only once. The recommended pulse width is 1.5 P. 
23. INT is an asynchronous input and can be asserted at any point during a clock cycle. If the specified timings are met, the exact sequence 
shown will occur; otherwise, an additional delay of one clock cycle may occur. 


Reset or Fetch First 
Interrupt Instruction of 
| Vector Read | | Service Routine | 


yf Nf Me a Ne Ne Nf 
; | 


| 
| 
| | 

| ; ; 

| 
| 
| 
| 
| 
| 
| 
| 
| 
! 


Ay 
t 


First 
Instruction 
Address 


| 

{ 

j 

| 

: 

| | 

| | 

(¢— 62 ——> | , : 
l | 

| | 

| | 

| | 

| 
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IACK timing 


SMJ320C30-28 SMJ320C30-25 
setae ca 


H1 high to [ACK high during first cycle of [ACK instruction 
64 | td(H1H-IACKH) data read 


NOTE 24: The IACK output is active for the entire duration of the bus cycle and is therefore extended if the bus cycle utilizes wait states. 


Fetch IACK ACK 
| Instruction | | Data Read | | 


63 —> + | 
| —> d— 64 
| 
IACK \ / 
ADDR x x 
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serlal port timing 


| SMu320030-28 28 SMJ320C30-25 
PARAMETER a oe UNIT 


as amas 
c(SCK) CLKX/R cycle time 
to(H)x2 2 to(H)x2324 te(H)x2 2 te(H) x232t 
wiscK)  CLRX/R highitow to(H)+15t to(H)+15t 
pulse width CLKXIR int | fte(scKy/2I-15 ens IteyscKyZI-18 —tescry/2]+5 
ras so eu ine — a a 
td(Dx) CLKX to DX valid 
DR setup before i a 
DR hold from CLKR ext ase ee 
CLKX to internal eT er al 
FSA setupbefore [ClkKRext {| to | 


N N N N 
> tee) ie) = 


ieee External FSX setup ={te(H)-8]_[te(CLKy/2]-10# lte(H)-8)_le(CLKy/2I-10# 
u 
before CLKX -[te(H)-21] see ~[te(H)-21] eccuso | 


CLKX to first DX bit, | CLKX ext 


Brie: recedes 


FSX to first DX bit, CLKX precedes 
78 | td(FSX-DX)V_ esx 
CLKX high to DX high Z following 
'dDXZ last data bit 201 20! ae 


t These values derived from characterization but not tested. 
+ These values derived by design but not tested. 


N 
on 
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serial port timing, fixed data rate mode 


SIU EENEE STEINER EEIrEneeEnna Paunenaenereey pond ee 
DR ey KKK KY QR KK KEY 


SELES AEEE EER ESTEE aaee omamneemeaaNieeeaeeenenmene eemeceeraeererercererrereren 
DR 9 1 


NOAA CCCI CC CCC OOK AYA AAP AK 


bt BR 3 
| | mH MH 75 
> i 76 


NOTES: 25. Timing diagrams show operations with CLKXP = CLKRP = FSXP = FSRP =0. 
26. These timings are valid for all serial port modes, including handshake, except where otherwise indicated. 


serial port timing, variable data rate mode 


—>» 73. OI | | 


<— 
FSX(INT) 22/5 ae 


—> 7) | | l 
FSX(EXT) aa 


1 | 70h 
77-4 _] —> 79 


FSR 045005 04504°05050050050°0°050°0.0°05050.0°00°070'070'0°0°0'0°050°050°0°00'04500'0050 4 
RK BK 


Ee x 


Eke Seer wenemenerceseciiet 
KKK CK KKK 


490848640884: 


’, COCO OOOO O04 CECOOCOCECECEEEEN 
DR Raa) RANA Bit TERRA AANA 


an 
— t— 72 
NOTES: 27. Timings are valid for all serial port modes, including handshake, except where otherwise indicated. 


25. Timing diagrams show operations with CLKXP = CLKRP = FSXP = FSRP = 0. 
28. Timings not expressly specified for variable data rate mode are the same as those for fixed data rate mode. 
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HOLD/HOLDA timing 


SMJ320C30-28 SMJ320C30-25 
PARAMETER UNIT 
MIN MAX MIN MAX 


ATTY Ort F H1 
ns 


88 
ar 


85 
87 


t These values derived from characterization but not tested. 

+ These values derived by design but not tested. 

NOTE 29: HOLD is an asynchronous input and can be asserted at any point during a clock cycle. If the specified timings are met, the exact 
sequence shown will occur; otherwise, an additional delay of one clock cycle may occur. 


| . 
D Write Data 
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peripheral pin general-purpose I/O timing 


SMJ320C30-28 SMJ320C30-25 
| celui win max [win wax | 


tsu(GPIOH1L) . _General-purpose input setup time before H1 low int wa | 
tg/GPIOHIH) __ General-purpose output delay after H1 low 


NOTE 30: Peripheral pins include CLKX0/1, CLKRO/1, DX0/1, DRO/1, FSX0/1, FSRO/1, and TCLKO/1. The modes of these pins are defined by 
the contents of internal control registers associated with each peripheral. 


Wf Sf eS TS ST OT NT 


Pin 


timer pin timing 


rae Te ae ne 
PARAMETER UNIT 


NOTE 31: Period and polarity of valid logic level are specified by contents of internal control registers. 


H3 jf Nee Sf PN Nea Rea 
a NS Na Na I a 


— 96 97—> e— > 


— 
— 95 | l (97 


Pin 
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change of peripheral pin from general purpose output to input mode 


SMJ320C30-28 SMJ320C30-25 
PARAMETER [MIN MAX | MIN MAX | UNIT 


| 99 tsu(GPIOHIL ee pin setup before H1 low es a co 


t These values derived from characterization but not tested. 


y 


“OF Periphal ion oun nee Synchronizer Dela Seen in 
Control In te ba y Peripheral 
Register P Control Register 


10 ! 99-—> | 
Control ty «— 100 | 
Bit re ee 
—+ | 


EOL ALacUcOLACUEUCALULQLALOCULULACOLOU HMI SULACACAEALEULULULULULULULULALILOLIOLOUSULULULULOULO % 
NU eeaeseslataratatatatatatatatatatatate Pr OR EK KEKE | BLE YA 


Peripheral 


Pin Output 


XXKXMOOs AXKXXXAXX? XXX 


| 
PRX KKK RX KANG a oe 
Data Sampled 
Data 
Seen 
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change of peripheral pin from general-purpose input to output mode 


SMJ320C30-28 SMJ320C030-25 
PARAMETER UNIT 


d(GPIOH1H) H1 high to peripherial pin switching from input to output 


Execution of Store of 
Peripheral Control 
Register 


Pl Na ee 

° MLS, SF LF 
10 Control ; 

Bit 


—> l¢— 101 


Peripheral | 
Pin = 
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SMJ320C30 part order information 


device nomenclature 


Pretix Speed Range 
SMJ = Class B 25 = 25MHz 
SM = STD 28 = 28 MHz 
Temperature Range 
M =- 55°C to 125°C 
Device Family L = O0°Cto 70°C 
320 = SMJ320 family 
. Package Type 
GB 
Technology 


= pin grid array (PGA) 
HT = 196 pin quad flatpack — flat lead 
Cc = CMOS 5 
E = CMOS EPROM 


SMJ 320 Cc 30° GB M 28 
- HU 196 pin quad flatpack — gull wing 
No letter = NMOS 


Device 
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HT 196-lead ceramic quad flatpack 
48,6 (1.915) 
47,8 (1.880) 


34,7 (1.365) 
33,9 (1.335) 


<+————- 30,5 (1.200) Ref. Typ 


6,35 (0.250) Min Typ 


Pin 1 Indicator 


7 


Ht 
0,15 (0.0 ole 
Detail “A” 
0,64 (0.025) Typ 
ee 
ee ee 25 (0.010) Max 
Thermal Resistance Characteristics 


2,67 (0.105) Max ; ROjc 
0,20 (0.008) Be 
0,10 (0.004) JA 
s) 


THA nn 


0,36 (0.014) 
0,05 (0.002) 


(At Braze Pad 


3,30 (0.130) Max 
_ Detail “A” 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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HU 196-lead ceramic leaded chip carrier (gullwing) 
39,5 (1.555) 


39,2 (1.545) 


34,7 (1.365) 
33,9 (1.335) 


¢————. 30,5 (1.200) Ref. Ty 


2,55 (0.100) Typ 
Pin 1 Indicator 


Hi 


‘] U 
=i 


i 


UgsoUe 


i 


BORO OBOCedCOeo 


itt 


si RE 


0,25 (0. 010) slg 
0,15 (0.006) . 
4 0,64 (0.025) Typ Detail “A” 


non 
Bg 


1,02 (0.040) 
0,50 (0.020) 


0,25 (0.010) Max 


0,64 (0.025) Min Thermal Resistance Characteristics 


ROJC 
ROJA 


0,76 (0.030) 


| 0,51 (0.020) 
< 0°-8° 


2,67 (0.105) Max 


0,20 (0.008) 
0,10 (0.004) 
0,36 (0.014) 
0,05 (0.002) 


(At Braze Pads) 
3,30 (0.130) Max 


Detail “A” 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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GB 181-pin ceramic pin grid array 


Top View 


Thermal Resistance Characteristics 


Pin A1 
Corner Indicator 


40,4 (1.590) 
37,6 (1.480) 


~ 40,4 (1.590) | 
37,6 (1.480) 
4,70 (0.185) 


3,55 (0.140) | Side View rr 
| 1,14 (0.045) 


| 0,508 (0.020) aa - Ag 1,27 (0.050) Nom 


3,56 (0.140) 0,406 (0.016) Diameter 
3,05 (0.120) (1 80 te (4 Places) 
Typ 
ct 


2,54 (0.100) Typ Bottom View 


) ©©©OQOQQOQOQOQOOQOOO 
© ©OO©OQOOQGQHOQHOOOQOO® © 
© ©OQOOQOQOQOQOOOO®H ©} 
© ©OO©OGQGHOGOOGOOO® © 
© ©©® ) ©©® © 
© ©©© ©©@©® 
© ©©® ©OGO® 
© ©O©@O®@ ©©0OO® 
© ©@O® Extra Pin ©OO® 

hd 


©O® 
© ©O0O0000009099 
© ©©ODOOQOQOOOQODOOO ® 
@Q ©DDODO©OODODO®©ODOO® @ 
@]® © ©®O©OOQ®HOQO®OOO 
1.23 4 56 7 8910 11121314 15 


- 35,6 (1.400) 
Ref 


2,54 (0.100) Typ 


Yr wWaomMmragrenArzg2azdsy 


Index Corner 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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F Quick Reference Guide 


Chapter F 


Quick Reference 


This appendix is a collection of the most-referenced material in this user’s 


guide. 


Figure F—1 
Figure F—2 
Figure F-3 
Figure F-4 
Figure F—5 
Figure F-6 
Figure F—7 
Figure F-8 
Figure F—9 
Figure F-10 
Figure F—11 
Figure F-12 
Figure F-13 
Figure F-14 
Figure F-15 
Figure F-16 
Figure F—17 
Figure F-18 
Figure F—19 
Figure F—20 
Figure F—21 
Figure F—22 
Figure F—23 
Figure F—24 
Figure F-25 
Figure F—-26 
Figure F—27 
Figure F—28 
Table F—1 
Table F—2 
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Index Register GiAX):FOMNal biwis ita tema a ee temn tees F-7 
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ences 


F.1 TMS320C30 and TMS320C31 Differences 


This section addresses the major memory access differences between the 
TMS320C31 and the TMS320C30 devices. Observance of these consider- 
ations is critical for achieving design goal success. Table F—1 shows these dif- 
ferences. 


Table F-1. Feature Set Comparison 4 


Feature. TMS320C31 TMS320C30 
Data/program bus 


Primary bus: one bus composed Two buses: 

of a 32-bit data and a 24-bit ad- 1) Primary bus: a 32-bit data anda 

dress bus 24-bit address 

2). Expansion bus: a 32-bit data anda 
13-bit address 


Serial I/O ports 1 serial port (SPO) 2 serial ports (SPO, SP1) 
User program/data ROM Not available 4K words/16K bytes 
Program boot loader User selectable Not available , 


F.1.1 Data/Program Bus Differences 


The TMS320C31 uses only the primary bus and reserves the memory space 
that was previously used for expansion bus operations. 


F.1.2 Serial Port Differences 
Serial port 1 references in Section 8.2 of the TMS320C3x User’s Guide are not 


applicable to the TMS320C31. The memory locations identified for the asso- 
ciated control registers and buffers are reserved. 


F.1.3 Reserved Memory Locations 


Table F—2 identifies TMS320C31 reserved memory locations in addition to 
those shown in Table 3-8. 
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Table F-2. TMS320C31 Reserved Memory Locations 


Paes ee 
0x808050 SP1 global-control register 


T Applies to the MCBL and MC modes only. 


F.1.4 Effects on the IF and IE Interrupt Registers 


The bits associated with serial port 1 in the IE (interrupt enable) register and 
the IF (interrupt flag) register for the TMS320C30 are not applicable to the 
TMS320C31. Write only logic 0 data to IE register bits 6, 7, 22, and 23 and to 
IF register bits 6 and 7. Writing logic 1s to these bits produces unpredictable 
results. 


F.1.5 User Program/Data ROM 


The user program/data ROM that is available for the TMS320C30 device does 
not exist for the TMS320C31. Rather, the memory locations that were allocated 
to support user program/data ROM operations have been reserved on the 
TMS320C31 to support microcomputer/boot loader accessing. See Chap- 
ter 3 for more information on ‘Using the microcomputer/boot loader function. 


F.1.6 Development Considerations 


For users who are developing application code using a TMS320C3x simulator, 
XDS, or ASM/LNK, TI recommends that you modify the .cfm and .cmdfiles by 
removing these memory spaces from the tool’s configured memory. This en- 
sures that your developed application performs as expected when the 
TMS320C31 device is used. 
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F.2 TMS320C3x Architecture 


Figure F—1 and Figure F—2 show the TMS320C3,%’s register-based CPU archi- 
tecture with internal and external buses, peripherals, DMA, and memory orga- 
nization. 


Figure F-1. TMS320C3x Block Diagram 


Program 


RAM Block 0 RAM Block 1 
Cache Dad taetindeeh 
ADY (64 x 32) (1K x 32) (1K x 32) 32 — 
HOLD 
FOUR iV) Uh 
STRB gy ata Buse 
R/W cuicd LOU 
Dst-0 Ud U 
A23-0 
CPU DMA 
RESET ————>» 
Integer/ Integer/ 


Floating-Point Floating-Point 
Multiplier ALU 


8 Extended-Precision 
Registers 


Address Generators 
Coniro! Registers 


“Série 
fer 


Peripheral Bus 


Address Address 


Controller 


Generator 0 Generator 1 


8 Auxiliary Registers 
12 Control Registers 


Available on 
TMS320C30, 
TMS320C30-27 and 
TMS320C30-40 
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TMS320C3x Architecture 


stintatninintis: 


RAM 
Block 0 


(1K X 32) 


= XRDY 
RADY f MSTRB 
HOLD SATA Bu 44 F | i Le» IOSTRB 
HOLDA M7 CS CCT F XR/W 
STRB - : AD ee Bed ; XD31—XDO 
RAW 
XA12-XA 
D31-D0 < i 
A23-A0 
Global Control | Port Control FSXO 
RESET Cas 
T3— 
vas Source Address FSRO 
ped Register DRO 
MC/MP CLKRO 
XF(1,0) ‘| Destination 
Vpp(3-0) Address 
{ODVpp(1,0) Cc Register 
ADVpp (1,0) y 32-Bit Transfer 
PDVpp T Barrel Counter 
DDVppi1.0) i Shifter Register aR ero OU 
MDVpD O oa Pgistap FSX1 
Vgs(3-0) L sana DX1 
DVss(3-0) L PUX Timer a CLKX1 
CVggi1,0) E Exended wt Register’ "a" FSR1 
IVss R Precision a Tapert al” DR1 
F f ta, Transmite 
Vepp4— Registers Beate a al CLKRI 
SUBS (R7-RO) ot Rete 
X14— a 
X2/CLKIN 
H14— 
H34— 
EMU6-0 
RSV10-0 € 


: Timer Period TCLKO 
Register 
Auxiliary 


Registers Timer Counter 
(ARO-AR7) Register 


Global Control 
] : Register 
32 Registers 
(12) Timer Period 
Register 


TCLK1 


Timer Counter 
Register 
Port Control 
th wt | Available on = TMS320C30 
et al TMS320C30-27, and 
TM320C030-40 ‘ 
Expansion 


F.3. CPU Register File 


The TMS320C30 provides 28 registers in a multiport register file that is tightly 


coupled to the CPU. The PC is not included in the 28 registers. All of these reg- 
isters can be operated upon by the multiplier and ALU and can be used as gen- 


eral-purpose 32-bit registers. 


F.3.1 Register Addressing 


The TMS320C30 provides 28 registers in a multiport register file that is tightly 
coupled to the CPU. The PC is not included in the 28 registers. All of these reg- 
isters can be operated upon by the multiplier and ALU and can be used as gen- 


eral-purpose 32-bit registers. 


Table F~3. CPU Register/Assembler Syntax and Function 


CPU Register Assembler 
Address Syntax 


Assigned 
Function 


Extended-precision register 
Extended-precision register 
Extended-precision register 
Extended-precision register 
Extended-precision register 
Extended-precision register 
Extended-precision register 
Extended-precision register 


Auxiliary register 
Auxiliary register 
Auxiliary register 
Auxiliary register 
Auxiliary register 
Auxiliary register 
Auxiliary register 
Auxiliary register 


Data-page pointer 
Index register 0 
Index register 1 
Block-size register 
Active stack pointer 


Status register 

CPU/DMA interrupt enable 
CPU interrupt flags 

/O flags 


Repeat start address 
Repeat end address 
Repeat counter 


Quick Reference 


Figure F-3. Extended-Precision Register Floating-Point Format 
39 32 31 30 0 


rs cs 
Dee mantissa si 


Figure F-4. Extended-Precision Register Integer Format 


oO 


39 32 31 


signed or unsigned integer 


The eight 32-bit auxiliary registers (ARO—AR7) can be modified by the two 
Auxiliary Register Arithmetic Units (ARAUs). The primary function of the auxil- 
iary registers is the generation of 24-bit addresses, especially for use in indirect 
addressing. . 

Figure F-5. Data-Page Pointer (DP) Register Format 


31 8 


7 0 
0 


Figure F-6. Index Register (IRx) Format 
31 24 23 


Figure F-7. Block-Size (BK) Register Format 


First 1 at Location N 


Oo 


31 N+1 YN 


. eestor 1 (N LSBs of BK) 


aheienee 


CPU Register File 


eaairanignannanmints 


ieninriaeagetoareeaniteaneinintisteeiee 


Figure F-8. Status Register 


24 21 20 


31 30 29 28 27 «2. 2 23.22 19 18 17 ~~ «16 
Se 
15 14 13 12 1 10 


9 8 7 6 5 4 3 2 1 0 
gd a 


RAW RAW RW RW RAW RAW RW RAW RWW ORAWORAWORWsiR/W 


NOTE: Xx = reserved bit. 
R = read, W = write. 


Status Register Bits Summary 


Overflow mode flag. This flag affects only the integer operations. If OVM 

= 0, the overflow mode is turned off; integer results that overflow are 

treated in no.special way. If OVM = 1, 

a) integer results overflowing in the positive direction are set to the 
most positive 32-bit twos-complement number (7FFFFFFFh) 

b) integer results overflowing in the negative direction are set to the 
most negative 32-bit twos-complement number (80000000h). 


Note that the function of V and LV is independent of the setting of OVM. 


Repeat mode flag. If RM = 1, the PC is being modified in either the 
repeat-block or repeat-single mode. 


[eo [Reseved| 0 |ReadasaSSSCSCSC~“~“S*~“—*~—~—~—~—~S~S 
CF 


Cache freeze. When CF = 1, the cache is frozen. If the cache is enabled 
(CE = 1), fetches from the cache are allowed, but no modification of the 
state of the cache is performed. This function can be used to save fre- 
quently used code resident in the cache. At reset, 0 is written to this bit. 
Cache clearing (CC=1) is allowed when CF=0. 


Cache enable. CE = 1 enables the cache, allowing the cache to be used 
according to the least recently used (LRU) cache algorithm. CE = 0 dis- 
ables the cache; no update or modification of the cache can be per- 
formed. No fetches are made from the cache. This function is useful for 
system debug. At system reset, 0 is written to this bit. Cache clearing 
(CC = 1) is allowed when CE=0. 


Cache clear. CC = 1 invalidates all entries in the cache. This bitis always 
cleared after itis written to and thus always read as 0. Atreset, Ois written 
to this bit. : 


GIE Globalinterrupt enable. If GIE = 1, the CPU responds to an enabled inter- 
rupt. If GIE = 0, the CPU does not respond to an enabled interrupt. 


514 [Resowed| 0 [Read aso. 


13 
31— 16 Value undefined. | 


Tt The seven condition flags (ST bits 6 —0) are defined in Section 10.2 on page 10-9. 


Quick Reference 


CPU Register File 


Figure F-9. CPU/DMA Interrupt Enable Register (IE) 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 i 2% eG 
xx [xx xx | EDINT ETINT1 ETINTO | ERINT?1 | EXINT1 | ERINTO | EXINTO | ‘EINT3 | EINT2 | EINT1 EINTO 
(DMA) (DMA) (DMA) (DMA) (DMA) (DMA) (DMA) (DMA) | (DMA) | (DMA) | (DMA) 

RAW RAW RAW RW RW RW "RAW RW RW RW RW 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
xx J xx foxx P xx |) EDINT ETINT1 ETINTO | ERINT1 | EXINT1.} ERINTO | EXINTO | EINT3 | EINT2 | EINT1 EINTO 
(CPU) (CPU) (CPU) (CPU) (CPU) (CPU) (CPU) (CPU) | (CPU) } (CPU) | (CPU) 

R/W RAW RAV RAW RAW RAW RAW RW RAW RAW RW 


NOTE: XX = reserved bit, read as 0. 
R = read, W = write. 


IE Register Bits Summary 


Enable external interrupt 0 (CPU) 


EINTO Enable external interrupt 0 (DMA) 
EINT1 Enable external interrupt 1 (DMA) 
ner 


Enable DMA controller interrupt (DMA) 
31— 27 | Reserved Value undefined 


CPU Register File 


Figure F-10. CPU Interrupt Flag Register (IF) 


31 30 29 28 27 26 20 19 18 17 16 


25 24 23 22 21 
pexpxpocfrxfox] oc Poe Pe me fm me em Pw fw fT of 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
px xx Px] ont | tints | Tinto [ Rintt | xinty | rinto | xinto f ints] int2 J INTs | INTO 

R/V R/AW R/W R/W R/AW R/W R/W R/V RAW RW RW 
NOTE: xx = reserved bit, read as 0. . 


R = read, W = write. 
IF Register Bits Summary 


[Bik [ Name | ResetVaiue [Function sd 
[0 | wto | 0 _[Extemalinterpto ag 
[nto eterna inter fag 
[wre [0 | Entra interupt 2 ag = 
Punta [0 Ewternalinterut3 fag 
Txt” [0 | Sevia-porto transmit iverupt fag | 
RINT [0 | Seviarponto receive interupt flag | 
Txwrit [0 | Seriarport + ransmitinterupt lag | 

7 [ANT [0 _[Seiakpor receive intorupt iag | 
[tire [0 | Tmerointeruptiag 
Paints [0 [Timer tinterupttiag 
0 | DINT | 0 | DMAchannelinterupt fag 
fet— it | Recoved | 0-0 [Vawoundefinea 


Tt Reserved on TMS320C31. 
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CPU Register File 


SSSR NE CR 


Figure F-11. I/O Flag Register (IOF) 


31 30 29 28 27 26 25 24 23 22 17 1 


21 20 19 18 6 
pocPexprocpexfocfexf off oe of we 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
poo Pe Tx Pro Poo Tox Tnx Toure T toxrr Pox] xr T ourxro T voxro To] 

“oR R/W R/W R RAW R/W 
NOTE: xXx = reserved bit, read as 0. 


R = read, W = write. 
1IOF Register Bits Summary 


Read as 0. 
\f /OXFO = 0, XFO is configured as a general-purpose input pin. 


1 VOXFO I 
If VOXFO = 1, XFO is configured as a general-purpose output pin. 
OUTXFO | 0 ~—_| Data output on XFO 
3 a Sa 


Data input on XFO. A write has no effect 


lf VOXF1 = 0, XF1 is configured as a general-purpose input pin. 
If VOXF1 = 1, XF1 is configured as a general-purpose output pin. 


| 6 | OUTXF1 a Sa Data output on XF1. 
_ INXF1 ae eal Data input on XF1. A write has no effect. 
[31-8 | Reserved | 0-0 |Readaso. 


pa | INxFo_ 


5 VOXF1 


F-1 


ohetriguss 


SD RS Sa OD 


F.4 Memory Maps 
The TMS320C3x memory map is divided into the following sections: program 


interrupt address, internal ROM, RAM, the peripheral bus, and memory- 
mapped peripheral registers. 


Figure F-12._ TMS320C30 Memory Maps 


Ob Interrupt Locations on internat Location 
ale eseived (122) and Reserved (192) 
OBFh External STRB Active OBFh 
0COh 0COh 
External OFEFh (internal) 
STRB Active 1000h 
External 
STRB Active 
7FFFFFh 7FFFFFh 
800000h 800000h 
Expansion Bus Expansion Bus 
MSTRB Active (8K) MSTRB Active (8K) 
801FFFh 801FFFh 
802000h 802000h 
Reserved 
(8K) 
803FFFh 803FFFh 
804000h 804000h 
Expansion Bus Expansion Bus 
IOSTRB Active (8K) \OSTRB Active (8K) 
805FFFh 805FFFh 
806000h 806000h 
Reserved 
(8K) 
807FFFh 807FFFh 
808000h 808000h 
Peripheral Bus Peripheral Bus 
Memory-Mapped Memory-Mapped 
Registers Registers 
(Internal) (6K) (Internal) (6K) 
8097FFh 8097FFh 
809800h 809800h 
RAM Block 0 RAM Block 0 
(1K) (Internal) (1K) (Internal) 
809BFFh 809BFFh 
809C00h 809C00h 
RAM Block 1 RAM Block 1 
(1K) (Internal) (1K) (Internal) 
809FFFh 809FFFh , 
80A000h 80A000h 
External External! 
STRB Active STRB Active 
OFFFFFFh OFFFFFFh 
(a) Microprocessor Mode (b) Microcomputer Mode 
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Memory Maps 


Figure F-13. TMS320C031 Memory Maps 


Oh ‘ Oh 
Interrupt Locations 
and Reserved (192) 
OBFh (External STRB Active) Reserved for Boot 
ocoh Loader Operations 
(See Section 3.4) 
FFFh 
External 1008 
STRB Active 
External 
STRB 
Active 
400000h 
7FFFFFh 7FFFFFh 
800000h 800000h 
- Reserved Reserved 
(32K Words) (32K Words) 
807FFFh 807FFFh 
808000h 808000h 
Peripheral Bus Peripheral Bus 
Memory-Mapped Memory-Mapped 
Registers Registers 
3097FFh (6K Internal) 8097FEh (6K Internal) 
809800h 809800h 
RAM Block 0 RAM Block 0 
(1K Internal) (1K Internal) 
809BFFh 809BFFh 
809C00h 80gCo0h 
RAM Block 1 
(1K-64 Internal) 
809FCOh 
RAM Block 1 80A9Fih 
cS issinterniet : User Program Interrupt 
and Trap Branches 
(64 Internal) 
809FFFh 809FFFh 
80A000h 80A000h 
External EFFOOOh External 
STRB Active cee 
FFFFFFh FFFFFFh 
(a) Microprocessor Mode (b) Microcomputer/Boot Loader Mode 
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F.4.1. Interrupts 


Figure F-14. Reset, Interrupt, and Trap Vector Locations © 


00h 
Oth 
02h 
03h 
04h 
05h 
06h 
07h 
08h 
09h 
OAh 
OBh 


0Ch 
1Fh 


20h 


3Bh 
3Ch 
3Dh TRAP 29 (Reserved) 
3Eh TRAP 30 (Reserved) 
3Fh TRAP 31 (Reserved) 


tT Reserved on TMS320C31 
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Memory Maps 


SSS SS SRS 


Figure F-15. Reset, Interrupt, and Trap Vector Format 
31. 24 23 0 


Reset and Interrupt Vector Locations 


Reset or Vector Priority Function 
Interrupt Location 
RESET Oh External reset signal input on the RESET 
pin. 


External interrupt input on the INTO pin. 
External interrupt input on the INT1 pin. 
External interrupt input on the INT2 pin. 


External interrupt input on the INTS pin 
5 Internal interrupt generated when serial port 
0 transmit buffer is empty. 
RINTO 6h Internal interrupt generated when serial port 
: 0 receive buffer is full 
Internal interrupt generated when serial port 
1 transmit buffer is empty. 
Internal interrupt generated when serial port 
1 receive buffer is full 


Internal interrupt generated by timer 0. 
Internal interrupt generated by timer 1. 


DINT OBh Po Internal interrupt generated by DMA control- 
ler 0. 


T Reserved on TMS320C31. 


F.4.2 Peripheral Bus 


Memory Maps 


Figure F-16. Peripheral-Bus Memory-Map Registers 
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808000h 


80800Fh 
808010h 


80801Fh 
808020h 


80802Fh 
808030h 


80803Fh 
808040h 


80804Fh 
808050h 


80805Fh 
808060h 


80806Fh 
808070h 


8097FFh 


DMA Controller Registers 
(16) 
Reserved 
(16) 


Timer 0 Registers 
(16) 

Timer 1 Registers 
(16) 
Serial-Port 0 Registers 
(16) 


Serial-Port 1 Registerst 
(16) 


Primary and Expansion Port 


Registers (16) 


Reserved 


T Reserved on TMS320C31 


Quick Reference 


Memory Maps 


F.4.2.1 DMA Registers 


Figure F~17. Memory-Mapped Locations for a DMA Channel 


Register Peripheral 

‘ Address 

80800Bh 
80800Ch 
a0800Fh 


Figure F-18. DMA Global-Control Register Format 


31 30 29 28 27 26 


24 23 | 


19 


17 


25 


22 21 20 18 16 


15 14 13 12 1 


1 10 9 8 7 6 5 4 3 2 1 0 
R R/W R/W R/W R/W R 


Ww R/W RW R/W R RAW R/W 


NOTE: xx = Reserved bit, read as 0. 
R = read, W = write. 


DMA Global-Control Register Bits Summary 


These bits control the state in which the DMA starts and stops. The 
DMA may be stopped without any loss of data. 


These bits indicate the status of the DMA and change every cycle. 


4 INCSRC lf INCSRC = 1, the source address is incremented after every read. 


lf DECSRC = 1, the source address is decremented after every 
read. If INCSRC = DECSRC, the source address is not modified af- 
ter a read. 


If INCDST = 1, the destination address is incremented after every 
write. 


if DECDST = 1, the destination address is decremented after every 
write. If INCDST =DECDST, the destination address is not modified 
after a write. 


The SYNC bits determine the timing synchronization between the 
events initiating the source and the destination transfers. The inter- 
pretation of the SYNC bits is shown on next page. 


The TC bit affects the operation of the transfer counter. If TC = 0, 
transfers are not terminated when the transfer counter becomes 
zero. If TC = 1, transfers are terminated when the transfer counter 
becomes zero. 


lf TCINT = 1, the DMA interrupt is set when the transfer counter 
makes a transition to zero. If TCINT = 0, the DMA interruptis not set 
when the transfer counter makes a transition to zero. 
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F-18 . Quick Reference 


Memory Maps 


DMA Global-Control Register Bits Summary (Concluded) 


START Bits and Operation of the DMA (Bits 0-1) 


DMA read or write cycles in progress will be completed; any data read will be ig- 
nored. Any pending read or write will be canceled. The DMA is reset so that when 
it starts, a new transaction begins; i.e., a read is performed. (Reset value) 


If a read or write has begun, it is completed before it stops: for example, in the 
middle or at the end of a DMA transfer. If a read or write has not begun, no read 
or write is started. 


Ifa DMA transfer has begun, the entire transfer is completed (including both read 
and write operations) before stopping. If a transfer has not begun, none is started. 


DMA starts from reset or restarts from the previous state. 


ee DMA is being held between DMA transfer (between a write and read). This is the © 
value at reset. Mirai eae! 

[27 | ouniseonghesh mens oTaOWA tantra, ater arealndas, 
| 11 | DMAbusy:ie., DMAis performing areadorwrite, 


SYNC Bits and Synchronization of the DMA (Bits 8-9) 


| oo | No synchronization. Enabled interrupts are ignored. (Reset value) 
Source synchronization. A read is performed when an enabled interrupt occurs. 


Destination synchronization. A write is performed when an enabled interrupt oc- 
curs. 


11 Source and destination synchronization. A readis performed when an enabled in- 
terrupt occurs. A write is then performed when the next enabled interrupt occurs. 
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F.4.2.2 Peripheral Timers 


Figure F-19. Memory-Mapped Timer Locations 
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Register 


Peripheral Address 


Timer 0 

808020h 
808021h 
808022h 
808023h 
808024h 
808025h 
808026h 
808027h 
808028h 
808029h 
80802Ah 
80802Bh 
80802Ch 
80802Dh 
80802Eh 
80802Fh 


Timer 1 

808030h 
808031h 
808032h 
808033h 
808034h 
808035h 
808036h 
808037h 
808038h 
808039h 
80803Ah 
80803Bh 
80803Ch 
80803Dh 
80803Eh 
80803Fh 


Quick Reference 


Memory Maps 


Figure F-20. Timer Global-Control Register 


31 30 29 28 27 23 22 21 20 19 18 17 16 
feiesdl ease ne ee ee Der ee 
15 14 13 12 11 10 9 e 7 6 5 4 3 2 1 

R/W R/W R/W R/W R/W R/W R/W R/W RAW 
NOTE: xx = reserved bit, read as 0. 


R = read, W = write. 


Timer Global-Control Register Bits Summary 
FUNC FUNC controls the function of TCLK. If FUNC =0, TCLK is configured 
as ageneral-purpose digital !/O port. If FUNC =1, TCLK is configured 
; as a timer pin (See Figure 8-7 for a description of the relationship 
between FUNC and CLKSRC). 

1 vo If FUNC = 0 and CLKSRC = 0, TCLK is configured as a general-pur- 
pose I/O pin. In this case, if /O = 0, TCLK is configured as a general- 
purpose input pin. If /O = 1, TCLK is configured as a general-purpose 
output pin. 

2 DATOUT DATOUT drives TCLK when the TMS320C3x is in I/O port mode. 

DATOUT can also be used as an input to the timer. 

| 3 | DATIN | x _| Datainput on TCLK or DATOUT. A write has no effect. 

[sa [Revered | 0-0 [Reades, 
The GO bit resets and starts the timer counter. When GO = 1 and the 
timer is not held, the counter is zeroed and begins incrementing onthe 
next rising edge of the timer input clock. The GO bit is cleared on the 
same rising edge. GO = 0 has no effect on the timer. 


Counter hold signal. When this bit is zero, the counter is disabled and 
held in its current state. If the timer is driving TCLK, the state of TCLK 
is also held. The internal divide-by-two counter is also held so that the 
counter can continue where it left off when HLD is set to 1. The timer 

registers can be read and modified while the timer is being held. 
RESET has priority over HLD. Table 8-2 shows the effect of writing 
to GO and HLD. 


Clock/Pulse mode control. When C/P = 1, clock mode is chosen, and 
the signaling of the status flag and external output will have a 50 
percent duty cycle. When C/P =0, the status flag and external output 
will be active for one H1 cycle during each timer period (see 
Figure 8-4). 


Specifies the source of the timer clock. When CLKSRC = 1, aninternal 
clock with frequency equal to one-half the H1 frequency is used to in- 
crement the counter. The INV bit has no effect on the internal clock 
source. When CLKSRC = 0, an external signal from the TCLK pincan 
be used to increment the counter. The external clock is synchronized 
internally, thus allowing external asynchronous clock sources that do 
not exceed the specified maximum allowable external clock frequen- 
cy. This will be less than f(H1)/2. (See Figure 8—7 for a description of 
the relationship between FUNC and CLKSRC). 


; - z 
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Memory Maps 


Timer Global-Contro! Register Bits Summary (Continued) 


| Bits | Name | Reset Value Function 
10 INV Inverter control bit. If an external clock source is used and INV = 1, the 
external clock is inverted as it goes into the counter. If the output of the 
11 TSTAT 
uninverted TCLK pin. This flag sets a CPU interrupt on a transition from 
0 to 1. A write has no effect. 


pulse generator is routed to TCLK and INV = 1, the output is inverted 
St ss 


before it goes to TCLK (see Figure 8~1). If INV = 0, no inversion is 
performed on the input or output of the timer. The INV bit has no effect, 

The result of a write using specified values of the GO and HLD bits in the global 

control register is shown below. 


regardless of its value, when TCLK is used in I/O port mode. . 
This bit indicates the status of the timer. It tracks the output of the 


Result of a Write of Specified Values of GO and HLD 


et ae | sa | All timer operations are held. No reset is performed. (Reset value) 
on ae ee Timer proceeds from state before write. 


is not cleared until the timer is taken out of hold. 


Timer resets and starts. 


ea All timer operations are held, including zeroing of the counter. The GO bit 


Fez . Quick Reference 


F.4.3 Serial Port 


Figure F-21. Memory-Mapped Serial-Port Locations 


Register 


Tt Reserved locations on the TMS320C31 


Memory Maps 


Peripheral Address 


Serial 
Port 0 


808040h 
808041h 
808042h 
808043h 
808044h 
808045h 
808046h 
808047h 
808048h 
808049h 
80804Ah 
80804Bh 
80804Ch 
80804Dh 


80804Eh — 


80804Fh 


Serial 
Port 1T 


808050h 
808051h 
808052h 
808053h 
808054h 
808055h 
808056h 
808057h 
808058h 
808059h 
80805Ah 
80805Bh 

80805Ch 
80805Dh 
80805Eh 
80805Fh 


F-23 


Memory Maps 


Figure F-22. Serial-Port Global-Control ae Format 


31 30 29 28 2 


6 
R/W 


11 
DXP | CLKRP|CLKXP] RFSM|JXFSMJ RVAREN | XVAREN § RCLK J XCLK | HSJ RSR XSR | FSXOUT] XRDY RRDY 
SRCE } SRCE FULL} EMPTY 


RW RAW RW R/IW RW RW RAW RW RW RW R 


NOTE: xx = Reserved bit, read as 0. 
R =read, W = write. 


Serial-Port Global-Control Register Bits Summary 


Tit | Name | Reset vaiue Function 


RRDY If RRDY = 1, the receive buffer has new data and is ready to be read. A three H1/H3 
cycle delay occurs from the reading of DRR to RRDY = 1. The rising edge of this signal 
- 


sets RINT. If RRDY= 0 at reset, the receive buffer does not have new data since the 
last read. RRDY = 0 at reset and after the receive buffer is read. 
If XRDY = 1, the transmit buffer has written the last bit of data to the shifter andis ready 
foranew word. A three H1/H3 cycle delay occurs from the loading ofthe transmit shift- 
er until XRDY is set to 1. The rising edge of this signal sets XINT. If XRDY = 0,the 
transmit buffer has not written the last bit of data to the transmit shifter and is not ready 
for anew word. XRDY = 1 at reset. 
FsxouT | 0 _| _Thisbit configures the FSX pin as an input (FSXOUT = 0) or an outpu(FSXOUT = 1). 
4 RSRFULL 
to. a1 atthe same time that the global register is read, the receiver will dominate and 
RSRFULL is set to 1. If RSRFULL = 0, no overrun of the receiver has occurred. 
| 5 | HS | 0 _| IfHS=1,the handshake mode is enabled. If HS = 0, the handshake mode is disabled. 
XCLKSRCE lf XCLKSRCE = 1, the internal transmit clock is used. If XCLKSRCE = 0, the external 
transmit clock is used. 
RCLKSRCE If RCLKSRCE = 1, the internal receive clock is used. If RCLKSRCE = 0, the external 
receive clock is used. 
XVAREN This bit specifies fixed (XVAREN = 0) or variable (XVAREN = 1) data rate signaling 
when transmitting. with a fixed data rate, FSX is five for at least one XCLK cycle 
ie — 4 


lf XSREMPTY = 0, the transmit shift register is empty. If XSREMPTY = 1, the transmit 
and then goes inactive before transmission begins. With variable data rate, FSX is 
F-24 Quick Reference 


lf RSRFULL = 1, an overrun of the receiver has occurred. In continuous mode, 
RSRFULL is set to 1 when both RSR and DRR are full. In noncontinuous mode, 
RSRFULL is set to 1 when RSR and DRR are full and a new FSR is received. A read 
causes this bit to be set to 0. This bit can be set to 0 only by a system reset, a serial 
port receive reset (RRESET = 1), or aread. When the receiver tries to set RSRFULL 


shift register is not empty. Reset or XRESET causes this bit to = 0. 

active while all bits are being transmitted. When you use an external FSX and variable 
data rate signaling, the DX pin is driven by the transmitter when FSX is held active 
or when a word is being shifted out. 


This bit specifies fixed (RVAREN = 0) or variable (RVAREN = 1) data rate signaling 
when receiving. With a fixed data rate, FSR is active for at least one RCLK cycle and 
then goes inactive before the reception begins. With variable data rate, FSR is active 
while all bits are being received. 


Serial-Port Global-Control Register Bits Summary (Continued) 


Transmit frame sync mode. Configures the port for continuous mode operation(XFSM 
= 1) or standard mode (XFSM = 0). In continuous mode, only the first word of a block 
generates a sync pulse, and the rest are simply transmitted continuously to the end 
of the block. In standard mode, each word has an associated sync pulse. 


— [-: 
7 i 


ear | 
P13 _[ own | ot 


Receive frame sync mode. Configures the port for continuous mode (RFSM =1) or 
standard mode (RFSM = 0) operation. In continuous mode, only the first word of a 
block generates a sync pulse, and the rest are simply received continuously without 
expectation of another sync pulse. In standard mode, each word received has an 
associated sync pulse. 


CLKX polarity. If CLKXP = 0, CLKX is active high. If CLKXP = 1, CLKX is active low. 
CLKR polarity. If CLKRP = 0, CLKR is active high. If CLKRP =1, CLKR is active low. 
DX polarity. If DXP = 0, DX is active high. If DXP = 1, DX is active low. 
DR polarity. If DRP = 0, DR is active high. If DRP = 1, DR is active low. 

FSX polarity. If FSXP = 0, FSX is active high. If FSXP = 1, FSX is active low. 
FSR polarity. If FSRP = 0, FSR is active high. If FSRP = 1, FSR is active low. 


These two bits define the word length of serial data transmitted. All data is assumed 
to be right-justified in the transmit buffer when fewer than 32 bits are specified. 


0 0--- 8 bits 1 O--- 24 bits 
0 1--- 16 bits 1 1--- 32 bits 
These two bits define the word length of serial data received. All data is right-justified 
in the receive buffer. 

0 0--- 8 bits 1 O--- 24 bits 
0 1--- 16 bits 1 1--- 32 bits 


Transmit timer interrupt enable. If XTINT = 0, the transmit timer interrupt is disabled. 
If XTINT = 1, the transmit timer interrupt is enabled. 


Transmit interrupt enable. If XINT = 0, the transmit interrupt is disabled. If XINT= 1, 
the transmit interruptis enabled. Note that the CPU transmit interrupt flag XINT is the 
logical OR of the enabled transmit timer interrupt and the enabled transmit interrupt. 


Receive timer interrupt enable. If RTINT = 0, the receive timer interrupt is disabled. 
If RTINT = 1, the receive timer interrupt is enabled. 


Receive interrupt enable. If RINT = 0, the receive interruptis disabled. If RINT=1, the 
receive interrupt is enabled. Note that the CPU receive interrupt flag RINT is the OR 
of the enabled receive timer interrupt and the enabled receive interrupt. 


Transmit reset. If XRESET = 0, the transmit side of the serial port is reset. To take the 
transmit side of the serial port out of reset, set XRESET to 1. However, donot set XRE- 
SET to 1 until at least three cycles after XRESET goes inactive. This applies only to 
system reset. Setting XRESET to 0 does not change the contents of any of the serial- 
port control registers. It places the transmitter in a state corresponding to the begin- 
ning of a frame of data. Reseiting the transmitter generates a transmit interrupt. Reset 
this bit during the time the mode of the transmitter is set. XF SM can be toggled without 
resetting the global-control register. 


- ¥ 
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Serial-Port Global-Control Register Bits Summary (Concluded) 


RRESET - Receive reset. If RRESET =0, the receive side of the serial port is reset. To take the 


receive side of the serial port out of reset, set RRESET to 1. Setting RRESET to 0 
|31—26| Reseved| 0-0 =| Readaso. 


does not change the contents of any of the serial-port control registers. It places the 
receiver in a state corresponding to the beginning of a frame of data. Reset this bit 


at the same time the mode of the receiver is set. RFSM can be toggled without reset- 
ting the global-control register. 
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Memory Maps 


F.4.4 FSX/DX/CLKX Port Control Register 


Figure F-23. FSX/DX/CLKX Port Control Register 


a 30 2 28 27 26 25 24 23 22 21 20 19 18 17 16 
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 
fm [im fm | LER Lomi | | ERS | Rly | other | BS [atte | SHA | omits | U5" | | 
DATIN DATOUT vo FUNC DATIN DATOUT Vo FUNC DATIN DATOUT vO FUNC 
R R/AW RAW R/V R R/iW R/W R/W R R/W R/W R/W 


NOTE: xXx = reserved bit, read as 0. 
R = read, W = write. 


FSX/DX/CLKX Port Control Register Bits Summary 


[ei [ Name | Resetvawe[—S~R maton SSSC*d 
CLKXFUNC CLKXFUNC controls the function of CLKX. lf CLKXFUNC = 0, CLKX is confi- 
gured as a general-purpose digital I/O port. If CLKXFUNC =1, CLKXis a 
serial port pin. 
1 CLKXI/O if CLKX 1/0 = 0, CLKX is configured as a general-purpose input pin. If CLKX 
/O = 1, CLKX is configured as a general-purpose output pin. 
CLKXDATOUT | -0_—_—s|._ Data output on CLKX. 
CLKXDATIN Data input on CLKX. A write has no effect. 


DXFUNC DXFUNC controls the function of DX. If DXFUNC = 0, DX is configured as 
a general-purpose digital I/O port. If DXFUNC = 1, DX is a serial port pin. 
DX /O 


DXDATOUT 
DXDATIN 


a 
Ls 
Te casa 
| 
oe 
eae 
ae 


If DX I/O = 0, DX is configured as a general-purpose input pin. 
lf DX I/O = 1, DX is configured as a general-purpose output pin. 


Data output on DX. 
Data input on DX. A write has no effect. 


FSXFUNC controls the function of FSX. lf FSXFUNC = 0, FSX is configured 
as a general-purpose digital 1/O port. If FSXFUNC = 1, FSX is a serial port 
pin. 


FSX I/O 


lf FSX I/O = 0, FSX is configured as a general-purpose input pin. 
If FSX 1/O = 1, FSX is configured as a general-purpose output pin. 


Data output on FSX. 
Data input on FSX. A write has no effect. 


Read as 0. 


FSXDATOUT 
FSXDATIN 
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F.4.5 FSR/DR/CLKR Port Control Register 


Figure F-24,. FSR/DR/CLKR Port Control Register 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 


4 
DR 
FUNC 


R/W 


15 14 13 12 11 10 9 8 7 6 5 3 2 1 0 
xX Me vy FSR FSR FSR FSR DR DR DR CLKR CLKR CLKR | CLKR 
DATIN | DATOUT vO FUNC DATIN DATOUT vO DATIN | DATOUT vo FUNC 
R R/W R/W R/W R R/W R/AW R R/W R/W R/V 


NOTE: xx = reserved bit, read as 0. 
R= read, W = write. 


FSR/DR/CLKR Port Control Register Bits Summary 
[pit [Name | ResetValue | —=S~S~ action 
CLKRFUNC CLKRFUNC controls the function of CLKR. If CLKRFUNC = 0, CLKRis 
configured as a general-purpose digital I/O port. If CLKRFUNC = 1, 
CLKR is a serial port pin. 
1 CLKRI/O If CLKRI/O = 0, CLKR is configured as a general-purpose input pin. 
If CLKRI/O = 1, CLKR is configured as a general-purpose output pin. 
CLKRDATOUT| 0 ‘| DataoutputonCLKR. 
CLKRDATIN Data input on CLKR. A write has no effect. 
4 DRFUNC DRFUNC controls the function of DR. lf DRFUNC =0, DRis configured 
as a general-purpose digital I/O port. If DRFUNC = 1, DRis aserial port 
pin. , 
5 lf DRI/O = 0, DR is configured as a general-purpose input pin. 
if DRI/O = 1, DRis configured as a general-purpose output pin. 
| =6  |DRDATOUT | 0 _| Data output on DR. 
7 DRDATIN Data input on DR. A write has no effect. 
FSRFUNC ae FSRFUNC controls the function of FSR. If FSREUNC = 0, FSR is confi- 


gured as.a general-purpose digital I/O port. If FSRFUNC = 1, FSRisa 
serial port pin. 


FSR /O lf FSR 1/O = 0, FSRis configured as ageneral-purpose input pin. If FSR 


1) 
D 
=! 
Oo 


V/O = 1,FSR is configured as a general-purpose output pin. 


Data output on FSR. 
11 FSRDATIN . Data input on FSR. A write has no effect. 


10 


FSRDATOUT 


31 — 12 | Reserved 


F-28 Quick Reference 


Memory Maps 


F.4.6 Receive/Transmit Timer Control Register 


ee F-25,. Receive/Transmit Timer Control fone 
31 


29 
AS 


15 14 13 12 11 10 8 6 4 3 2 


R/W R R/W R/W R R/W R/W 


NOTE: xx = reserved bit, read as O. 
R = read, W = write. 


Receive/Transmit Timer Control Register 


The XGO bit resets and starts the transmit timer counter. When XGO 
is set to 1 and the timer is not held, the counter is zeroed and begins 
incrementing on the next rising edge of the timer input clock. The XGO 
bit is cleared on the same rising edge. Writing 0 to XGO has no effect 
on the transmit timer. 


Transmit counter hold signal. When this bit is set to 0, the counter is dis- 
abled and held in its current state. The internal divide-by-two counter 
is also held so that the counter will continue where it left off when XHLD 
is setto 1. The timer registers may be read and modified while the timer 
is being held. RESET has priority over XHLD. 


XClock/Pulse mode contro!. When XC/P = 1,theclockmodeis chosen. 
The signaling of the status flag and external output has a 50-percent 
duty cycle. When XC/P =0, the status flag and external output are active 
for one CLKOUT cycle during each timer period. 


This bit specifies the source of the transmit timer clock. When 
XCLKSRC = 1, an internal clock with frequency equal to one-half the 
CLKOUT frequency is used to increment the counter. When XCLKSRC 
= 0, an external signal from the CLKX pin can be used to increment the 
counter. The external clock source is SYNChronized internally, thus al- 
lowing for external aSYNChronous clock sources that do not exceed 
the specified maximum allowable external clock frequency, i.e., less 
than f{(H1)/2.6. 


Read as zero. 


This bit indicates the status of the transmit timer. It tracks what would 
be the output of the uninverted CLKX pin. This flag sets a CPU interrupt 
on a transition from 0 to 1. A write has no effect. 
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Receive/Transmit Timer Control Register (Concluded) 


ae Reset Value Function . 
The RGO bit resets and starts the receive timer counter. When RGO 
is set to 1 and the timer is not held, the counter is zeroed and begins 
incrementing on the next rising edge of the timer input clock. The RGO 
bit is cleared on the same rising edge. Writing 0 to RGO has no effect 
| [| 
| : Lt 
RCLKSRC 
external aSYNChronous clock sources that do not exceed the specified 
maximum allowable external clock frequency, i.e., less than f(H1)/2.6. 


on the receive timer. 
a eat oll ale This bit indicates the status of the receive timer. It tracks what would be 


the output of the uninverted CLKR pin. This flag sets a CPU interrupt 
Sista Resewed [0-0 [RedasoOSC~—“—~SCSCS 


Receive counter hold signal. When this bit is set to 0, the counter is dis- 
abled and held in its current state. The internal divide-by-two counter 
is also held so that the counter will continue where it left off when RHLD 
is set to 1. The timer registers may be read and modified while the timer 
is being held. RESET has priority over RHLD. 


RClock/Pulse mode control. When RC/P = 1, the clock mode is chosen. 
The signaling of the status flag and external output has a 50-percent 
duty cycle. When RC/P = 0, the status flag and external output are ac- 
tive for one CLKOUT cycle during each timer period. 


This bit specifies the source of the receive timer clock. When RCLKSRC 
= 1, aninternal clock with frequency equal to one-half the CLKOUT fre- 
quency is used to increment the counter. When RCLKSRC = 0, an ex- 
ternal signal from the CLKR pin can be used to increment the counter. 
The external clock source is SYNChronized internally, thus allowing for 


on a transition from 0 to 1. A write has no effect. 


Quick Reference 


F.4.7  Primary-Bus and Expansion-Bus Control 


Figure F-26. Memory-Mapped External Interface Control Registers 


Register 


t Reserved on the TMS320C31 


Peripheral 
Address 


808060h 
808061h 
808062h 
808063h 
808064h 
808065h 
808066h 
808067h 
808068h 
808069h 
80806Ah 
80806Bh 
80806Ch 
80806Dh 
80806Eh 
80806Fh 
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Memory Maps 


F.4.8  Primary-Bus Control! Register 


Figure F-27. Primary-Bus Control Register 


F-32 


12— 


31. 390 29 28 27 26 25 24 23 22 21 20 19 18 17 16 


12 1s 10 


15 14 13 


R/W R/W R/W RW RW R/W R/W R/W R/W R/W R/W sR 


NOTE: xx=reserved bit, read as 0. 
R =read, W = write.. 


Primary-Bus Control Register Bits Summary 


HOLDST x Hold status bit. This bit signals whether the port is being held 
(HOLDST = 1) or is not being held (HOLDST = Q). This status bit is 
valid whether the port has been held via hardware or software. 


Port hold signal. NOHOLD allows or disallows the port to be held by 
an external HOLD signal. When NOHOLD = 1, the TMS320C3x takes 
over the external bus and controls it, regardless of serviced or pending 
requests by external devices. No hold acknowledge (HOLDA) is as- 
serted when a HOLD is received. However, itis asserted if an internal 
hold is generated (HIZ = 1). NOHOLD is set to 0 at reset. 


Internal hold. When set (HIZ = 1), the port is put in hold mode. This 
is equivalent to the external HOLD signal. By forcing a high-impe- 


dance condition, the TMS320C3x can relinquish the external memory 
port through software. HOLDA goes low when the port is placed in the 
high-impedance state. HIZ is set to 0 at reset. 


Software wait mode. In conjunction with WTCNT, this 2-bit field de- 
fines the mode of wait-state generation. It is set to 1 1 at reset. 


Software wait mode. This 3-bit field specifies the number of cycles to 
use when in software wait mode for the generation of internal wait 
states. The range is zero (WTCNT =00 0) toseven(WTCNT = 111) 
H1/H3 cycles. It is set to 1 11 at reset. 


BNKCMP 10000 Bank compare. This 5-bit field specifies the number of MSBs of the 


address to be used to define the bank size. Itis setto 1000 O atreset. 


=13]Reseved| 0-0 |Readaso 


Quick Reference 


| Memory Maps 


F.4.9 Expansion-Bus Control Register 


Figure F-28. Expansion-Bus Control Register 


31,30 229 288 27 26 85 de 8 i S20 19 18 «617 «(16 


14 


R/W R/W R/W R/W R/W 


NOTE: xx=reserved bit, read as 0. 
R =read, W = write. 


Expansion-Bus Control Register. Bits Summary 


Reset Function 
‘Value 


Software wait mode. This 3-bit field specifies the number of cycles 
to use when in software wait mode for the generation of internal 


4—3 Software wait-state generation. In conjunction with the ee Oa 
this 2-bit field defines the mode of wait-state generation. It is set 

7—5 WTCNT 114 
wait states. The range is zero (WTCNT = 0 0 0) to seven 
( WTCNT= 11 1) H1/H3 clock cycles. It is set to 1 1 1 at reset. 


to 1 1 at reset. 
| 31—8| Reserved | 0-0 | Readaso. — —“(‘“CS™SC;*‘*zC 
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F.4.10 Programmable Bank Switching 


Table F-4. BNKCMP and Bank Size 


BNKCMP MSBs Defining a Bank Bank Size (32-Bit Words) 


‘ 00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 
01000 
01001 
01010 
01011 
01100 
01101 
01110 
01171 
10000 

10000 —11111 
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None 
23 

23—~22 
23— 21 
23— 20 
23— 19 
23— 18 
23—17 
23— 16 
23—15 
23— 14 
23— 13 
23— 22 
23— 11 
23— 12 
23—9 
23— 8 
Reserved 


224 16M 
223 8M 
222- 4M 
221 2M 
220_ 14M 
219~ 512K 
218~ 256K 
217 128K 
216- 64K 
215. 32K 
214- 16K 
213~ 8k 
212. 4K 
211. 2K 
210. 41K 
29 = 512 
28 = 256 
Undefined 


Quick Reference 


Instruction Set 


F.5 Instruction Set 


F.5.1. Instruction Formats 


Table F-5. Indirect Addressing 


Description 


*+ARn(disp) addr = ARn + disp 
*“— ARn(disp) addr = ARn — disp 


*++ARn(disp) addr = ARn + disp 
ARn = ARn + disp 
*-—ARn(disp) | addr = ARn — disp 
ARn = ARn - disp 

*ARn++(disp) addr = ARn 
ARn = ARn + disp 


*ARn —-— (disp) | addr = ARn 
ARn = ARn — disp 


*ARn++(disp)% | addr = ARn 
ARn = circ(ARn + disp) 


00111 *ARn — — (disp)%| add = ARn 
ARn = circ(ARn — disp) select 


Indirect Addressing with Index Register IRO 


01000 *+ARN(IRO) | addr = ARn + IRO 
01001 addr = ARn — IRO 


01010 a addr = ARn + IRO 
ARn = ARn + IRO 

01011 —-ARn(IRO) | addr = ARn —IRO 
ARn = ARn —|RO 

01100 *ARn++(IRO) addr = ARn With postindex (IRO) add and modify 
ARn = ARn + IRO 

01101 *ARn —— (iRO) | addr= ARn With postindex (IRO) subtract and modify 
ARn = ARn — IRO 


01110 *ARn++(IRO)% } addr =ARn With postindex ( (IRO) add and circular 
ARn = circ(ARn + IRQ) modify . 


01111 *ARn —— (IRO)%} addr = ARn With postindex (RO) subtract and circular 
ARn = circ(ARn) — IRO modify 


LEGEND: 
addr = memory address 
ARn = auxiliary register ARO —- AR7 
{Rn = index register IRO or IR1 
disp = displacement 
++ = add and modify 
to = subtract and modify 
circ( ) = address in circular addressing 
% = where circular addressing is performed 


F-35 


Instruction Set 


Table F-5. Indirect Addressing (Concluded) 


Indirect Addressing with Index Register IR1 


10101 


10110 


10117 


*— ARn(IR1) 
* +4 ARN(IR1) 


*—~— ARn(IR1) 
* ARn ++ (IR1) 
*ARn — — (IR1) 
* ARn ++ (IR1)% 


* ARN —— (IR1)% 


addr = ARn — IR1 


addr = ARn + IR1 
ARn = ARn + IR1 


addr = ARn — |IR1 
ARn = ARn—IR1 


addr = ARn 
ARn = ARn + IR1 


addr = ARn 
ARn = ARn -IR1 


addr = ARn 


ARn = circ(ARn + IR1) 


addr = ARn 


With preindex (IR1) subtract 


With preindex (IR1) add 
and modify 


With preindex (IR1) subtract 
and modify 


With postindex (IR1) add 
and modify 


With postindex (IR1) subtract 
and modify 


With postindex (IR1) add 
and circular modify 


With postindex (IR1) subtract 


ARn = circ(ARn — 1R1) and circular modify 


Indirect Addressing (Special Cases) 


addr = ARn- With postindex (IRO) add 
ARn = B(ARn + JRO) and bit-reversed modify 


LEGEND: . 
addr = memory address 
ARn = auxiliary register ARO — AR7 
IRn = index register IRO or IR1 
disp = displacement 
++ = add and modify 
-- = subtract and modify 
circ( ) = address in circular addressing 
% = where circular addressing is performed 
B = where bit-reversed addressing is performed 
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Quick Reference 


F.5.2 Summary 


Table F-6. Instruction Set Summary 


[tinemonio [Description [Operation SSS 
ASH 


Arithmetic shift If count > 0: 


(Shifted Dreg left by count) — Dreg 
Else: 


(Shifted Dreg right by |count]) — Dreg 


Arithmetic shift (3-operand) 


lf count 2 0: 


(Shifted src left by count) —> Dreg 
Else: 


(Shifted src right by |count|) —> Dreg 


lf cond = true: 
If Csrc is aregister, Csrc —> PC 
If Csrc is a value, Csrc + PC + PC 
Else, PC +1— PC 


Branch conditionally (standard 


) 


lf cond = true: 
lf Csre is aregister, Csrc —> PC 
lf Csrc is avalue, Csrc+ PC +3 — PC 
Else, PC + 1— PC 


Branch conditionally (delayed) 


LEGEND: 
src general addressing modes Dreg register address (any register) 
srct three-operand addressing modes Rn register address (R7 — RO) 
src2 three-operand addressing modes Daddr __ destination memory address 
Csrce conditional-branch addressing modes ARn auxiliary register n (AR7 — ARO) 
Sreg register address (any register) addr 24-bit immediate address (label) 
count _ shift value (general addressing modes) cond condition code (see Chapter 11) 
SP stack pointer ST status register 
GIE global interrupt enable register RE repeat interrupt register 
RM repeat mode bit RS repeat start register 
TOS top of stack PC program counter 


Cc carry bit 
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Instruction Set Summary (Continued) 


oe a a eo 
Branch unconditionally (delayed) Value ~> PC 


CALL Call subroutine PC +1— TOS 
Value —> PC 


CALLcond Call subroutine conditionally lf cond = true: 
PC +1— TOS 
If Csre is a register, Csrc PC 
If Csrc is a value, Csrc + PC — PC 
Else, PC +1 —>» PC > 


Compare floating-point values Set flags on Rn — sre \ 


CMPF3 Compare floating-point values Set flags on sre1 — src2 
(3-operand) 


CWI 
CMP 
DBcond Decrement and branch conditionally ARn—1— ARn 
eleneate) If cond = true and ARn 2 0: 

If Csrc is a register, Csrc — PC 

lf Csrc is a value, Csrc +PC +1 — PC 
Else, PC +1 — PC 


ARn-1-—> ARn 
If cond = true and ARn 2 0: 

If Csrc is a register, Csrc — PC 

If Csrc is a value, Csre + PC +3 —> PC 
Else, PC +1—PC 


FIX Convert floating-point value to integer Fix (src) > Dreg 
FLOAT Convert integer to floating-point value Float(src) > Rn 


IACK Interrupt acknowledge Dummy read of src 

IACK toggled low, then high 
IDLE Idle until interrupt PC +1—3PC 

Idle until next interrupt 


OQ 
<= 
U 
Tn 


Decrement and branch conditionally 
(delayed) 


DBcondD 


rc 


DE Load floating-point exponent src(exponent) > Rn(exponent) 
LDF Load floating-point value src > Rn 


LDFcond Load floating-point value conditionally lf cond = true, src 3 Rn | 
Else, Rn is not changed 
LDF Load floating-point value, interlocked Signal interlocked operation src > Rn 


LDIcond Load integer conditionally 


lf cond = true, src — Dreg 
Else, Dreg is not changed 


Quick Reference 


aan 


Table F—6. 


Instruction Set 


Instruction Set Summary (Continued) 


LDII Load integer, interlocked Signal interlocked operation src —> Dreg 


LSH Logical shift . If count > 0: 


(Dreg left-shifted by count) — Dreg 
Else: 


(Dreg right-shifted by |count|) —> Dreg 


LSH3 Logical shift (8-operand) 


If count = 0: 


(sre left-shifted by count) —> Dreg 
Else: 


(src right-shifted by |count|) — Dreg 


MPYF3 Multiply floating-point value (3-operand) 


MPYI Multiply integers src X Dreg > Dreg 
MPYI3 Multiply integers (3-operand) srcl X src2 —> Dreg 


NEGB Negate integer with borrow 0-stc-C > Dreg 


' 


NOP No operation Modify ARn if specified 


NOT 
3 


OR 


LEGEND: 
src general addressing modes Dreg register address (any register) 
sre three-operand addressing modes Rn register address (R7 — RO) 
src2 three-operand addressing modes Daddr destination memory address 
Csrce conditional-branch addressing modes ARn auxiliary register n (AR7 — ARO) 
Sreg register address (any register) addr 24-bit immediate address (label) 
count _ shift value (general addressing modes) cond condition code (see Chapter 11) 
SP stack pointer ST status register 
GIE global interrupt enable register RE repeat interrupt register 
RM repeat mode bit RS repeat startregister — 
TOS top of stack PC program counter 


Cc carry bit 
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Table F-6. 
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Instruction Set Summary (Continued) 


nemonie | Deseripion ‘| ——~S~=Speration id 
PUSHF Push floating-point value on stack 


RETlcond Return from interrupt conditionally If cond = true or missing: 
*SP--— PC 

1 —> ST (GIE) 
RETScond 

*SP--— PC 

Else, continue ; 

RND | Round floating-point value Round (src) > Rn 
ROL | Rotate left Dreg rotated left 1 bit + Dreg 


Else, continue 
RND 
ROL 
ROLC Rotate left through carry Dreg rotated left 1 bit through carry —> Dreg | 
ROR | Rotate right Dreg rotated right 1 bit > Dreg 


RORC Rotate right through carry Dreg rotated right 1 bit through carry > 
Dreg 


Repeat block of instructions ~ Weees Re 
| | 1—> ST (RM) 
Next PC + RS 
Repeat single instruction src > RC 


1 — ST (RM) 
SIGI 


Return from subroutine conditionally If cond = true or missing: 


Next PC > RS 
Next PC — RE 


Signal interlocked operation 
Wait for interlock acknowledge 
Clear interlock 


Store floating-point value Rn — Daddr 


STFI Store floating-point value, interlocked Rn — Daddr : 
Signal end of interlocked operation 


Signal, interlocked 


STII Store integer, interlocked Sreg —> Daddr 
Signal end of interlocked operation 


SUBB Subtract integers with borrow Dreg - src-C > Dreg 
SUBB3 Subtract integers with borrow (3-operand) | sre1 — src2 -C — Dreg 


SUBC 


Subtract integers conditionally lf Dreg — src > 0: 


[(Dreg ~ src) << 1] OR 1 — Dreg 
Else, Dreg << 1 — Dreg 


Quick Reference 


Table F-6. 


Instruction Set 


Instruction Set Summary (Concluded) 


[Wnemonio | Deseripion———~S*dSSCSCS*CS*~S~*~« peat 


SUBRI Subtract reverse integer src — Dreg + Dreg 
Software interrupt Perform emulator interrupt sequence 


TRAPcond _ | Trap conditionally If cond = true or missing: 
Next PC + * +4 SP 
Trap vector N — PC 


0 — ST (GIE) 
Else, continue 


TSTB Test bit fields Dreg AND src 
TSTB3 Test bit fields (3-operand) src1 AND src2 


Bitwise exclusive-OR Dreg XOR sre —> Dreg 
XORS3 Bitwise exclusive-OR (3-operand) scl XOR stc2 — Dreg 


LEGEND: 
src general addressing modes Dreg register address (any register) 
src1 three-operand addressing modes Rn register address (R7 — RO) 
src2 three-operand addressing modes Daddr___ destination memory address 
Csrc _conditional-branch addressing modes ARn auxiliary register n (AR7 — ARO) 
Sreg register address (any register) addr 24-bit immediate address (label) 
count — shift value (general addressing modes) cond condition code (see Chapter 11) 
SP stack pointer ST status register 
GIE global interrupt enable register RE repeat interrupt register 
RM repeat mode bit RS repeat start register 
TOS top of stack PC program counter 


Cc carry bit 
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‘Instruction Set 


Table F—-7. Parallel Instruction Set Summary 


ainemonie [Deseripton ——«([ SCS eration id 


Parallel Arithmetic With Store Instructions 


| AbSF Absolute value of a floating-point Isrc2| > dstt 
| || src3 — dst2 
ABS! Absolute value of an integer |src2| — dst1 
|| src3 — dst2 


{| STI 


I eeere Add floating-point src1 + src2 — dstt 
\| src3 — dst2 
T ea Add integer -sret + src2 > dst! 
|| src3 —> dst2 
Bitwise logical-AND | src1 AND src2 — dst 
|| src3 — dst2 


1 oe Arithmetic shift lf count = 0: 


AND3 
|| STI 


src2 << count — dst1 
|| src3 —> dst2 
Else: 
src2 >> |count| — dst1 
|| src3 —> dst2 


FIX Convert floating-point to integer 


Fix(src2) —> dst1 


Ou || src3 —> dst2 
FLOAT Convert integer to floating-point Float(src2) — dst1 
[STP [| src3 — dst2 


r oe Load floating-point src2 —> dst 
|| src3 — dst2 

DI Load integer src2 — dst 
|| src3 — dst2 


|| STI 
Logical shift If count = 0: 


src2 << count —> dst1 
|| src3 —> dst2 
Else: 


src2 >> |count| —> dst 
|| src3 — dst2 
Multiply floating-point _ sret x src2 — dstt 
|| src3 — dst2 


LSH3 
|| STI 


MPYFS 
|| STF 


MPYI3 


1ST Multiply integer 


| srel x src2 — dst1 


|| src3 —> dst2 
r eae Negate floating-point . 0- src2 > dst 
l|src3 + dst2 _ 
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Table F-7. 


Instruction Set 


Parallel Instruction Set Summary (Concluded) 


Parallel Arithmetic With Store Instructions (Concluded) 


, Ne Negate integer 0 —src2 > dst 
|| src3. —> dst2 


| on Complement src1 — dst 

| || src3 —> dst2 

Bitwise logical-OR src1 OR src2 —> dst 
|| src3 —> dst2 

Store floating-point src1 — dst 
\| src3 — dst2 


OR3 
\| STI 


STF 
ILSTE 


STI 


Su Store integer 


src1 — dst 
\| src3 — dst2 
Subtract floating-point srci — src2 — dst 
|| src3 —> dst2 


SUBF3 
|| STF 


SUBI3 


st Subtract integer 


sre1 — src2 — dst 
|| src3 — dst2 


src1 XOR src2 — dst 
|| src3 —> dst2 
Parallel Load Instructions 


Load floating-point ‘src2 — dst 
|| src4 — dst2 


XOR3 Bitwise exclusive-OR 
|| STI 


LDF 
|| LDF 


LDI 


1 LOI Load integer 


src2 — dst1 
|| src4 —> dst2 


Parallel Multiply And Add/Subtract Instructions 


' RES Multiply and add floating-point opi x op2 > op3 
|| op4 + op5 — op6 
' Sunee Multiply and subtract floating-point op1 x op2 > op3 
|| op4 — op5 —> op6 
\ Net Multiply and add integer : op1 x op2 — op3 
|| op4 + op5 — op6 
, NS Multiply and subtract integer opt x op2 — op3 
|| op4 — op5 —> op6 


LEGEND: 
src register addr (R7 — RO) src2 indirect addr (disp = 0, 1, IRO, IR1) 
src3 register addr (R7 — RO) src4 indirect addr (disp = 0, 1, IRO, IR1) 
dst1 register addr (R7 — RO) dst2 indirect addr (disp = 0, 1, IRO, IR1) 
op3 register addr (RO or R1) op6 register addr (R2 or R3) 


op1,op2,op4,op5 — Two of these operands must be specified using register addr, and two mustbe specified 
using tndirect. 
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F-44 Quick Reference 


A-law compression, 11-51 
A-law expansion, 11-52 
adaptive filters, 11-61 
addition example, 11-35 
addresses 
A23-A0 signals 
additional capacitance, 12-38 
timing requirements, 12-38 
XA12—XA0 signals 
additional capacitance, 12-38 
timing requirements, 12-38 
addressing modes 
conditional branch, 2-14, 5-23 
general, 5-19 
long-immediate, 2-14, 5-22 
parallel, 2-14, 5-21 
three operand, 2-14, 5-20 
addressing types, 5-2 
direct addressing, 5-4 
immediate, 5-17 
indirect addressing, 5-5—5-16 
PC relative, 5-18 : 
register, 5-3, F-6 
analysis subsystem 
pod dimensions, 12-40 
use with debugging tools, 12-37 
applications 
general listing, 1-7 
hardware, 12-1 
software, 11-1 
architecture, 2-1 
archiver, B-3 
arithmetic logic unit (ALU), 2-5 
arithmetic operations, 11-21 
assembler, B-3 


Index 


assembly language instructions, 10-1 
categories, 10-3—10-8 
interlocked operation, 10-6 
load and store, 10-3 
parallel operation, 10-6 
program control, 10-5 
three-operand, 10-5 — 
two-operand, 10-4 
coding hints, 11-88 
condition codes, flags, 10-9 
condition for execution, 10-9 
example instruction, 10-16 
opcodes, A-1 
register syntax, 10-15 
symbols used to define, 10-12—10-15 
syntax options, 10-13—10-15 | 
auxiliary (ARO—AR7) registers, 3-4 
auxiliary register ALUs, 2-5 


bank switching, external bus, 7-29, 12-12 
bit manipulation, 11-21 
bit-reversed addressing, 5-29, 11-23 
block move, 11-23 
block repeat register (RS,RE), 3-11 
block size (BK) register, 3-5 
branches, 6-7 
delayed, 6-7, 11-15 
bulletin board, B-13 


bus operation 
external, 2-23 
internal, 2-22 


busy-waiting example, 6-12 


C (HLL) routines, 11-88 
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CES SSS SS SSS SSS SSS SSS SSS 


C compiler 

features, B-3 

hosts supported, B-5 

optimization, B-4 
cache 

hit, 3-20 

miss, 3-21 
cache memory, 2-9, 3-19 

See also memory 

algorithm, 3-20 

architecture, 3-19 

control bits, 3-22 

instruction cache, 3-19 
calls, 6-8 
capacitance of electrical probe, 12-38 
cautions, viii 
central processing unit, 2-3 
circular addressing, 5-24 
CLKR pins, 8-18, F-28 
CLKX pins, 8-17, F-27 
clock oscillator circuitry, 12-25 
clocks 

additional capacitance, 12-38 

H1, 12-38, 12-39 

H3, 12-38, 12-39 

timing requirements, 12-39 
companding, 11-48 
compression 

A-law, 11-51 

L-law, 11-49 
condition codes, flags, 10-11 
conditional delayed branches, 6-7 
conditional-branch addressing modes, 2-14, 5-23 
context switching, 11-11 ) 
conversion . 

floating point to integer, 4-22 

integer to floating point, 4-24 


counter example, 6-12 
counter register (timer), 8-2, 8-6 
CPU, 2-3 
CPU interrupt flag register (IF), interrupt flag (IF), 
3-9 
CPU registers, 2-6 
auxiliary (ARO—AR7), 2-7, 3-4 
block repeat (RS, RE), 3-11 
block size (BK), 2-7, 3-5 
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CPU/DMA interrupt enable (IE), 3-8 

data page pointer, 2-7 - 

data page pointer (DP), 3-5 

extended precision (RO—-R7), 2-6, 3-4 

I/O flags (IOF), 2-7, 3-10 

index (IR1, IRO), 2-7, 3-5 

interrupt enable (IE), 2-7, 3-8 

interrupt flag (IF), 2-7, 3-9 

list of, 3-3 

program counter (PC), 2-8, 2-22, 3-11 

repeat count (RC), 2-8, 6-2 

repeat count (RP), 3-11 

repeat end address (RE), 2-8, 3-11, 6- 2 

repeat start address (RS), 2-8, 3-11, 6-2 

reserved bits, 3-11. 

status register (ST), 2-7, 3-5, 10-10 

system stack pointer (SP), 2-7, 3-5 
CPU1/2 buses, 2-22 


data 
D31—D0O signals 
additional capacitance, 12-38 
timing requirements, 12- 7e 
XD31-—XD0 signals 
additional capacitance, 12-38 
timing requirements, 12-38 
data page pointer (DP) register, 3-5 
data receive register (serial port), 8-22 
data transmit register (serial port), 8-21 
delayed branches, 6-7, 11-15 
advantages, 11-89 
incorrectly placed, 6-6, 6-7 
design considerations, 12-37—12-42 
electrical information 
capacitance of electrical probe, 12-38 
power supply loading of active probe, 12-38 
mechanical dimensions, 12-40 
timing information, Pages, 12-38 
dimensions (chip), 13-15 
direct addressing, 5-4 © 
disabled interrupts by branch, 6-7 . 
displacements, 5-5—5-16 
division, 11-24 
DMA . 
architecture, 2-26 
buses, 2-22 
channel synchronization, 8-49—8-51 


controller, 8-38 
destination/source address register, 8-42 
general, 2-26 
global control register, 8-39 
interrupt enable register, 8-42 
memory transfer, 8-44—8-48 
synchronization of channels, 8-49—8-51 
transfer counter register, 8-42 
DMA global-control register format, F-18 
DMA interrupt enable register (IE), 3-2 
documentation, v, B-13 
DR pins, 8-18, F-28 
DX pins, 8-17, F-27 


edge-triggered interrupts, 6-20 
electrical characteristics, 13-18 


electrical information 
capacitance of electrical probe, 12-38 
power supply loading of active probe, 12-38 


electrical specifications, 13-17 

’ EMUO—-EMU6 signals 

_ additional capacitance, 12-38 
timing requirements, 12-39 

emulator, in system overview, 12-37 

event counters, 8-2 


expansion 
A-law, 11-52 
u-law, 11-50 
expansion bus 
See also external buses 
addresses, 12-38 
data, 12-38 
reads/writes, 12-39 
signal timing, 12-38 
extended precision 
addition example, 11-35 
floating-point format, 4-6 
multiplication example, 11-36 
subtract example, 11-35 


external buses (expansion, primary), 2-23, 7-1 
bank switching, 7-29, 12-12 
expansion bus control register, 7-4 
expansion bus I/O cycles, 7-10—7-26 
expansion bus interface, 12-18 
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external interrupts, 2-23 
interlocked instructions, 2-23 


primary bus control register, 7-3 


primary bus interface, 12-4 
ready generation, 12-8 
timing 
expansion bus, 7-10—7-26 
primary bus, 7-5—7-9 
wait states, 7-27, 12-4, 12-8 


external devices, 12-3 
external interfaces, 12-2 


fast Fourier transforms, 11-66 
FFT, 11-66 
filters 


adaptive, 11-61 

FIR, 11-53 

IIR, 11-55 

lattice, 11-82 

LMS algorithm, 11-61 


FIR filters, 11-53 
floating point 


addition, 4-14 

conversion to integer, 4-22 
division, 11-24 

format conversion, 4-8 
formats, 4-4 

IEEE to TMS320, 11-38 
inverse, 11-27 
multiplication, 4-10 
normalization, 4-18 
normalized, 4-14 

rounding value, 4-20 

short format, 4-4 
single-precision format, 4-6 
square root example, 11-30 
subtraction, 4-14 

TMS320 to IEEE, 11-38 
underflow, 4-15 ; 


formats 


conversion, 4-8 
floating point, 4-4 
signed integer, 4-2 
unsigned integer, 4-3 


FSR pins, 8-18, F-28 
FSX pins, 8-17, F-27 
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general addressing modes, 2-14, 5-19 
global control register (serial port), 8-14 
global control register (timer), 8-3 
global memory, 6-10, 6-13 


H1 signal 
additional capacitance, 12-38 
timing requirements, 12-39 
H3 signal 
additional capacitance, 12-38 
timing requirements, 12-39 
hardware applications, 12-1 
hardware control, 6-1 
header (XDS1000), 12-34 
HOLDA, signal 
additional capacitance, 12-38 
timing requirements, 12-39 
hotline, B-13 


I/O flags register (IOF), 3-10 
TACK, signal 
additional capacitance, 12-38 
timing requirements, 12-39 
IIR filters, 11-55 
immediate addressing, 5-17 
index (IRO,IR1) register, 3-5 
indirect addressing, 5-5 
initialization (processsor), 11-3 
instruction cache, 3-19 
instruction register (IR), 2-22 
instruction set summary 
alphabetical, 2-14 
function listing, 10-3 
instructions. See assembly language 
INTO-INTS, 3-17, F-14 
INTO-INTS, signals 
additional capacitance, 12-38 
timing requirements, 12-39 
integer division, 11-24 
integer formats . 
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short integer, 4-2 
signed, 4-2 
single-precision integer, 4-2 
unsigned, 4-3 
interfaces 
expansion bus, 2-23, 12-18 
primary bus, 2-23, 12-4 
system control, 12-25 
types, 12-2 
interlocked operations, 6-10 
internal bus, 2-22 
interrupt enable register (!E), 3-8 
interrupt service routines, 11-10 
interrupts, 2-23, 6-20 
context switching, 11-11 
control bits, 6-20 
interrupt service routines, 11-10 
prioritization, 6-25 
prioritizing, 11-14 
processing, 6-27 
serial ports, 8-27 
vectors, 3-16, 6-25 
inverse, 11-27 
inverse lattice filter, 11-83 
IOSTRB, signal, 7-2, 7-5 
additional capacitance, 12-38 
timing requirements, 12-40 


lattice filters, 11-82 
level-triggered interrupts, 6-20 
linker, B-3 

literature, v, B-13 

logical operations, 11-21 


long-immediate addressing modes, 2-14, 5-22 


looping, 11-16 
LRU cache update, 3-19 


matrix-vector multiplication, 11-64 
mechanical data, 13-15 
mechanical dimensions, 12-40 
memory, 2-9, 3-19 
accesses (pipeline), 9-21 
cache, 2-9, 3-19, 11-89 
general organization, 2-9 


Index 


Pte inner erence nie cece eR acacia an eA A ASA A A Ne AA RA A AA NAR RAN ROMS CR ESAT NADU AMPERES ET SER REALS BRE INLETS ELSE IT CALETA LEE ETS ILE 


global, 6-10, 6-13 
memory maps, 2-11, 3-12 
microcomputer mode, 3-12 
microprocessor mode, 3-12 
pipeline conflicts, 9-9, 9-19 
quick access, 11-89 
microcomputer mode, 2-11, 3-12 
L-law compression, 11-49 
u-law expansion, 11-50 
microprocessor mode, 2-11, 3-12 
MSTRB, signal, 7-2, 7-5 
additional capacitance, 12-38 
timing requirements, 12-40 
multiple processors, 6-10 
multiplication, 11-64 
multiplier, 2-5 


nested block repeats, 6-6 
normalization, floating-point value, 4-14, 4-18 


object program converter, B-3 
opcodes, A-1 

optimizer (C compiler), B-4 
ordering information, B-15 
overflow, 4-15, 4-22 


overview, emulation system with analysis subsys- 
tem, 12-37 


parallel addressing modes, 2-14, 5-21 
part numbers, B-15 
breakdown of numbers, B-18 
prefix designators, B-16 
period register (timer), 8-2, 8-6 
peripheral bus, 2-24, 8-1 
general architecture, 2-24 
map, 3-18 
peripherals on, 8-1 
DMA controller, 8-38 
serial port, 2-25, 8-12 
timers, 2-25, 8-2 
register diagram, 2-24 


pin assignments, 13-4, 13-5 
pin states at reset, 6-16 
pipeline, 9-1 
conflicts 
avoiding, 11-89 
branching, 9-4 
memory, 9-9 
memory (resolving), 9-19 
registers, 9-6 
memory accesses, 9-21 
structure, 9-2 
power, supply loading of active probe, 12-38 
primary bus 
See also external buses 
addresses, 12-38 
data, 12-38 
reads/writes, 12-39 
signal timing, 12-38 
primary bus control register, 7-3 
probes 
active probe power-supply loading, 12-38 
electrical probe capacitance, 12-38 
program buses, 2-22 
program counter (PC), 2-22, 3-11 
program flow, 6-1 


quality, C-1 
queues (stack), 5-32 


RM, signal 
additional capacitance, 12-38 
timing requirements, 12-39 
RAM, 2-9 
See also memory 
ready generation, 12-8 
receive/transmit timer counter register (serial port), 
8-21 
receive/transmit timer period register (serial port), 
8-21 
regional technology centers, B-14 
register buses, 2-22 
registers, 2-6 
auxiliary (ARO—AR7), 2-7, 3-4. 
block repeat (RS, RE), 3-11 
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block size (BK), 2-7, 3-5 
counter (timer), 8-6 . 
CPU/DMA interrupt enable (IE), 3-8, 8-42 
data page pointer, 2-7 
data page pointer (DP), 3-5 
DMA destination and source address, 8-42 
DMA global control register, 8-39 
DMA transfer counter register, 8-42 
DMA/CPU interrupt enable (IE), 8-42 
extended precision (RO—R7), 2-6, 3-4 
global control (timer), 8-3 
I/O flag (IOF), 3-10 
1/O flags (IOF), 2-7 
index (IR1, IRO), 3-5 
interrupt enable (IE), 2-7, 3-8 
interrupt flag (IF), 2-7, 3-9 
maximum use, 11-89 
period (timer), 8-6 
peripheral port, 8-1 
pipeline conflicts, 9-6 
program counter (PC), 2-8, 2-22, 3-11 
repeat count (RC), 2-8, 6-2 
repeat count (RP), 3-11 
repeat end address (RE), 2-8, 3-11, 6-2 
repeat start address (RS), 2-8, 3-11, 6-2 
reserved bits, 3-11 
serial port global control, 8-14 
serial port registers, 8-12—8-37 
status register (ST), 2-7, 3-5, 10-10 
system stack pointer (SP), 2-7, 3-5 
registers, general, see also CPU registers, 2-5 
reliability, C-1 
stress testing, C-2 
repeat count register (RC), 3-11, 6-2 
repeat end address register (RE), 3-11, 6-2 
repeat mode | 
initialization, 6-2 
RPTS initialization, 6-3 
repeat modes, 11-16 
repeat start address register (RS), 3-11, 6-2 
requirements, signal timing, Pages, 12-38 
reset, 3-16, 6-16 
initialization (processor), 11-3 
operations performed, 6-19 
pin states, 6-16 
‘vectors, 3-16, 6-25 
_ RESET signal 
additional capacitance, 12-38 
timing requirements, 12-39 
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return from subroutine, 6-8 
RINTO,1, 3-17, F-14 
ROM, 2-9 
See also memory 
rounding of floating-point value, 4-20 
RTCs, B-14 


scan path interface, B-10 
segment start address (SSA) reg., 3-19 
semaphores, 6-13 
seminars, B-14 
serial port, 8-12—8-37 
data receive register, 8-22 
data transmit register, 8-21 
global control register, 8-14 
interrupt sources, 8-27 
port control register (FSR/DR/CLKR), 8-18, F-28 
port control register (FSX/DX/CLKX), 8-17, F-27 
receive/transmit timer control register, 8-19, F-29 
receive/transmit timer counter register, 8-21 
receive/transmit timer period register, 8-21 
timing, 8-24, 8-28—8-37 
serial port global control register, 8-14 
short floating-point format, 4-4 
signal descriptions, 13-9—13-14 
signal transition levels, 13-19 
signals, timing information, Pages, 12-38 
simulator, B-5 
software applications, 11-1 
software control, 6-1 
software development, B-2 
archiver, B-3 
assembler, B-3 
emulator (XDS500 & 1000), B-8 
linker, B-3 : 
macro assembler, B-3 
object format converter, B-3 
scan path interface, B-10 
simulator, B-5 
SPOX, B-6 
square root example, 11-30 
stack, 5-30, 5-32, 11-9 
queues, 5-32 
stack pointer (SP) register, 3-5 
status register (ST), 3-5, 10-10 
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STRB, signal, 7-2, 7-5 
additional capacitance, 12-38 
timing requirements, 12-40 

style (manual), vii 

subroutines, 11-7—11-20 
computed GOTO, 11-20 
context switching, 11-11 
runtime select, 11-18 

subtract example, 11-35 

symbols (used in manual), vii 

synchronize 2 processors example, 6-15 

system overview, 12-37 


target cable, 12-37 
target system, design considerations, 12-37—12-42 
electrical information, 12-38 
mechanical dimensions, 12-40 
timing information, Pages, 12-38 
target system connection, 12-34 
TCLKO, TCLK1, signals 
additional capacitance, 12-38 
timing requirements, 12-39 
test load circuit, 13-18 
third party support, B-12 
three-operand addressing modes, 2-14, 5-20 
timer global control register, 8-3 
timers, 2-25, 8-2—8-11 
counter, 8-2 
counter register, 8-6 
operation nodes, 8-7 
period register, 8-2, 8-6 
timing parameters, 13-20—13-51 
timing/counting, TMS320C30 signal timing, 
Pages, 12-38 
TINTO,1, 3-17, F-14 


trap, 3-16, 6-8 
vectors, 3-16 
TTL levels, 13-19 


underflow, 4-14 


vectors (reset, interrupts), 6-25 
vectors (reset, trap, interrupt), 3-16 


wait states, 7-27 
external bus, 12-4, 12-8 
zero, 12-4 

workshops, B-14 


XDS1000, 12-34, B-8 

XDS500, B-8 

XFO, XF1, signals 
additional capacitance, 12-38 
timing requirements, 12-39 

XFO,XF1, 2-23 

XINTO,1, 3-17, F-14 

XRIW signal 
additional capacitance, 12-38 
timing requirements, 12-39 


zero wait states, 12-4 
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